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PREFACE 


In the following pages will be foiftid an attempt to set 
forthi'in simple language, the principles on which those 
phenomena known as “ electric wavgs,” “ signalling through 
epafce Without wires,” etc., are dependent. No mathe¬ 
matical formulae will be introduced^ those who desire to 
mv&stigat# the mathematics of shbject are referred 
to# l3r. Heinrich Hertz’s classical work, Electric Waves. 
The* subject will be divided into fotr-portions, viz. a brief 
outline of what electricity is; a shorK historical sketch; a 
description of the phenomena themsejles, with an account 
of the appliances neec^d for their prod uction; and lastly, 
co&structional details of the various jjjeces of apparatus 
required. # r n 

As electricians generally, with regard to 
the nature of the 
disturbance, 
two camps, 
but simply re; 
thewifte 

H’dUiftgten, Sumy. 



eir views of 
inch the 

iyml 

^particular hypothesis, 
the body setting up 
jit, as the nudium. 

S. |t. Bottonb. 



PREFACE TO SECOND EDITION 


Great as was the interest awakened by the first 
Announcement of the practicability of Wireless Tele¬ 
graphy, it has increased rather than decreased with th% 
lapse of time. With a view to satisfy this intent, an 
account of Popoff s recent experiments in the direction of 
(Wireless Telephony lias'been embodied in ’this aew 
edition. 


. S. R IJpTTONfc 

• o 


Wallington . 


PREFACE TO THIRD EDITION 


The marked^rvances made in \^ireless Telegraphy,- 
which haveJlTOu it for transatlantic c^inSmunfbation; its 
peculiar adaptabilit feto fhe transmission of messages, not 
only?l>Btlfeaitt’shi^p bl^ fon but alflbkitween ships^and 
land, or vice versd, havPgfeSfo»»ii^wWPB* talu% as a 
means of knotting ma^in^'^pil^^lpfrenhancid the 
interest awakened by the orlgmal discovery... 5* . the 
following pages we have endea&oiced^not only to give a 
clear idea of the fundamental principles, but alfj to 
describe and illustrate the more recent developments^ of 
“Wave” Telegraphy and Telephony. 

t g. -R Bcwrti&E. 



PREFACE, TO FOURTg. EDITION » 

A* new chapter on recent improvements in Wireless 
^Telegraphy appsyatus Jias been adCjsd, with particulars 
.of a few modem types of coherers, Ind the application 
of'tuning coils andv. capacities, with a formula for ascer¬ 
taining wave lengtjis. 
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WIRELESS TELEGRAPHY ANlJ 
'* HERTZIAN WIVES 


• CHAPTER I $ 


PRgHMINARY NOTION^ 

- • h 

■§ 1. A certain* amount of knowledge of the laws 
which gover^ electrical anti magnetic actioW ^s essential 
to the proper comprehension of the phenomena under 
consideration. Without pretending to write a treatise on 
electricity, *We give here a fcdef Outline of the principal 
facts tearing of the subject Thcae readers who possess 
a fair ^acquaintance with electrical science can skip this 
chapter. 1 # • 

§ % Electricity appears to be a vibratory%notion in the 
ultinjate molecules of bodies—of this we have no positive 
proofi but can judge only by analogy. The name is 


derived from Elektron, 4he Greek for amber, this being 


1 Those deairiRg fuller information are referred to the author’s 
work, Electricitytmd •Magnetism, * * 
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£he substance in' which electrical manifestations were first 
noticed The principal phenomena which are of interest 
to U9 in connection with the study of electric wave action 
are—excitation, attraction, repulsion, transference, induc¬ 
tion, and magnetic effects. When by any means we are 
able to set up an electrical condition in a body, tlftfc body 
is said to be excited. Tfhe means are several: for instance; 
fiction, cleavage, change of temperature, chemical action, 
motion in a magnetic field, etc. As examples of”these, 
we‘ may take the following— 0 o 

(1) If we rub briskly* a stick ®f sealing-wax with a dry 

flannel, we shall find that it acquires the property* of 
attracting light bodies, and of giving feeble sparks if 
the knuckle be presented to it. ° 0 

(2) If a roll of brimstone be broken across the middle; 
the broken surfaces will generally be found to attikct. 
strongly light Jyifiies; and many natutal, crystals, if riven 
along the line of cleavage, will exhibit similar properties. 

*(3) If some melted sulphur be poured into a dry egg- 
cup, a stick being held centrally to servers a handle, it 
will be found on withdrawing the sulphur,, when it has set* 
and is cold, that the unifier surface is strongly electrified! 

(4) If a plate of zinc and one of copper be immerlfeHn a „ 
vessel containing dilute sulphuric acid, or any other fluid 
capable of acting on the zinc, and°the two pl$t§§ be ° 
connected together outside by awire, a curfent of •elec¬ 
tricity will flow along this wire, from the copper M the 
zinc, and in the fluid from the zinc «to the copper ; and 
the existence of this electrical flow may*be shewn by < 
appropriate means which wilPbe described, jpter on. 
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(5^ If we coil a few hundred feet of cotfoy-covered copj 
wire round a bobbin, in the same manner as cotton 
'wound on a reel, and brinjj the free extremities <Jf t 
wire very close to one another, and then move this bobt 
sharply before the poles of a powerful horseshoe magn 
across *the imaginary lyies of force, connecting the to 
'poles, this motion will set up an glectricaHlisturbance 
th^ wifS, which will be evidenced by*the occurrence 
bright sparks at the gap between the two ends of the wii 
every tim« # the bobbin is moved tossr^rom the magneU 
sNot all bodies allow*electricity to pass freely alor. 
them. Some offer very little resistance to its passag 
.andjhence are cabled conductors. Others, on the contrar 
. present great resistance to its passage, and are therefor 
ca'Hed non-conductor# ar insulators. As in all probabilit 
. el&stfricity, like light and heat, is dimply a vibrator 
motion inn the ailiSmate particles of matter, we can we 
liken the effectrical conductivity of certain Hedies to th 
facility which many elastic bodies have in transmittifij 
■sound. Ccyr .instance, nearly ajl th^ hard and elastic bodie, 
fc -are sonorous ay4 transmit sound easily—a stretched stee 
wifce, 8, hard drj* road, etc., are Ifeamples «f this; whik 
bodie 1 ? which do not enter into vibratjpn freely, as moiss 
clay, sawdust, cottgn-wo41, etc., as they cannot take uj 
' the *sSund vibrations, are practically nonconductors o; 
sound. The best conductors of electricity are the metals 
amohg the worst are dry air, resinous bodies, such ai 
sheila^ gutta-perclft,, indiarubben' and its congeners, also 
sulphur, etc. *Of the metals,silver is the best conductor; 
while paraffii| jfvsfil is one o9f the solid bodies whi<?h pre- 
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s^nts the highest resistance. If we express the resistance 
offered by silver to the passage of electricity as 1, the 
resistance of paraffin wax and of shellac is certainly not' 
less than 1,500,000,000,000. ft must be borne in mind, 
however, that there 0 is no perfect conductor and no 
absolute insulator; in other words, the best condudfor we 
have presents tome resistance to the passage of electricity,' 
while^on the other hand, the best insulator wilF*peifarit 
the passage of some electricity; in the same way, as if 
,we stuff our ears 'with cotton-wool, oor insert sawdust 
between our walls, in the hopes* of deadening a soucd, 
some vibrations still reach our auditory nerves and soiae 


sound is still heard A short tabjp of the principal con- 0 
ductors and non-conductors, beginning with, the former . 


and ending with the latter, the indifferent ones takihg ’ 
the middle place, is here inserted:— ' c 


All metals, as- • 

SilveJ 

Copper 

Gold 

Aluminium r - 

Zinc 

Brass • & 

Platinum 

Iron 

Nickel "C- 
.Lead 
Antimony 
Bismuth 

Graphite 0 

Acids 

Metallic sulphides 
Water 




O 


Metallic salts ° 
Linen ° 
Alcohol 
Ether 

Dry wodB • • 
Dry ice 

Metallic oxides 
Ice at 25" cent. 
Fats and oils 
Inddarubber 
Gutta-perch^ 
Dry air 
Wool 
0 Ebgnite 
Diamond „ 
Silk 
Glatf 
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Wax 

• Sulphur 
Resin 


Amber 
Sheila! 
Paraffin wax 


§ 3. It will be evident from this, that if we attempted 
to exqjte a metal rod held in on* hand, by rubbing it 
with*** piece of flannel or silk, we should obtain no 
manifestations of electricity, because, bothsthe metal and 
th* hand being good conductors, what electricity 
evoked by friction would flow away through the rod and 
the body # to the earth. To obtaj^i «ny evidence ofrthe^ 
ejpdlrical disturbance sgt up in the metal rod, it will be 
ngeessary to “ insulate ” 1 it and cut it off from connection* 
with any other conductor, by fitting to it a handle of 
soifre non-conductor, such as a rod*of glass or ebonite. 
%hen on rubbing the^metal rod the usual manifestations 
o& electricity can bo obtained. With insulators or non¬ 
conductor this precaution is not necessary, since the 
electricity elicited* on friction cannot escape ^o the hand. 
If we excite a stick of sealing-wax by rubbing with a piece 
of dfy # flannel, we shall find on presenting it to any light 
boSigs, sdch as small bits of paper, pith, or straw, that it 
“will first attra*t,these strongly, qgd after ljaving been in 
eont«et with them for a short time will as strongly repel 
them, In like manner^, rod of glass rubbed with silk, 
will* first attract afid then repel light bodils. If, however, 
in performing these experiments we place the pieces of 
paper on a sheet of ebonite or a pane of glass, which, 
being insulators, T*ill prevent t^e pieces of paper, etc., 
from'idsing #ny charge theyjnay have taken up, we shall 
1 From tiuuk| jn island, “ cut*off from all other land by the sea.* 
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nptice a very peculiar fact, namely, that a piece of paper 
that has been repelled by the excited sealing-wax, will be 
attracted by the excited glass, while, on the other hand, 
that piece of paper which has been repelled by the 
excited glass, will bo attracted by the excited sealing- 
wax. From this we gather that although both tb&Vseal- 
ing-wax and the glass r are electrified, jet there i#ust be 
s^me<difference ir. the electrification; and if wt@ agree 
to call the electricity of the glass positive, and that of 
the "sealing-wax neghtr'e, we can lay down the 0 following 
law:—Bodies charged with electricity of like name repel 
one another, while those charged with electricity 1 jof 
different name attract one another; or we may put the 
matter more briefly, though perhaps not so, exactly, by 
saying "like electricities repel, unlike attract.” 

§ 4. It must be noticed here that when by any means 
we set up a charge of electricity of either nai»e in any 
given body,, we always call forth a similar charge, but of 
contrary name in the body which produces excitation. 
Thus on rubbing the sealing-wax rod with flannel <w« pall 
forth negative electricity on the sealing-wax and positive 
on the flannel,.and in the case of glass xuBbed with silkf 
the former becomes positively and the latter negd&yety 
electrified. ' f y 

| 5. By transference is meant the actual passage of 
electricity from one charged body to another. Ttcan enly 
occur between bodies that are conductors. When trans¬ 
ference occurs suddenlftib is generally spoken, Jj&as a 
“ discharge ”; when it is effected slowly add willptoore 
continuity it is termed a u floiS” or a When it is 
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desired to make use of a current, it is. usual to employ 
wire *to effect the connection between tHe positive anfl. 
negative bodies, as the wire, being a good conductor and 
presenting but little resistance, wastes but little electric 
%nergy % In the last section we pointed out, that when¬ 
ever ye set up an electrical condition (either positive or 
negative) in one body, we also produce an^opposite con¬ 
dition in another body: so, for the sake <jf illustrating what 
relation the two phenomena of excitation and transference 
bear to on^ another^we may liken excitation to the pumping 
uj| of wat?r from a pond, into a vessel standing at a' 
higher level. The vessel will then be positive, and the 
pond negative. We have not produced any water, but 
simply altered its level. If now we knock the bottom 
oiat of the vessel, so that the water, finding no appreciable 
resistance to its passage, suddenly returns to its original 
level, we ]^,ve an eecample of “ discharge ” or rapid transfer; 
but if instead we ©pen a small hole in the vessel, the con¬ 
tained water again finds its level, but slowly, as a fine 
str^amg and this exemplifies an electrical current. In 
everfc case,‘then, transference, whether it take the form of 
a sudden discffa|ge, or of the slower and steadier current, 
always indicates that a levelling up of a difference in 
electrical condition' is taring place. There is one point 
which it is important to notice with regswd to the more 
sudden fowns of discharge, and that is, that just in the 
s&iae way as when, if we raise a body of water from a pond 
to spine height, aryl then let it |nddenly fall back again, 
the v?|ier does not immediately come to a dead level, but 
rebounds, sp|aahigg up again to some extent, producing 
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surging waves, which only gradually die away, so a sudden 
electrical discharge does not immediately result in d? dead 
electrical level, but sets up electrical “surgings," of 
ihfinitesimally short duratiorf, as compared to those set 
up in the case of water, nevertheless not only capable o'? 
measurement, but also endued with far-reaching p&Vers. 

§ 6. The phenomenon of induction is the one to which 
particular attention must be directed, with a**view to 
obtaining a clear insight into the principles which underlie 
electric wave signalling. „ „ 

The French name for induction is influence, an§ this 
really gives us a very fair idea of what the effect is. ‘’We 
may define induction as being “the action which an 
electrified insulated" body has upon alt oilier bocfies.” 
This action (like all others dependent on radiating - 
forces) will diminish inversely as the square of- the 
distance. The inducing body must be insulated from the 
body induced, otherwise transference of “ discharge ” will 
take place instead of induction. A medium of some kind 
must exist between the inducer and the induced <) Jout, 
provided it be a non-conductor sufficiently resistant to, 
prevent direcj transferee, induction oval take <place. 
We are not able to produce a 'perfect vacuum; bfttrthe 
highest vacuum we can produce^pr of which we have any 
cognizance, perfnits inductive effects to°take place thrdhgh 
it. From our knowledge of other phenomena* it is, how¬ 
ever, highly probable, that were it possible to prod^e a 
perfect vacuum, id est, a qjpace vrith°nothing in it, induction _ 
would not take place across £hat space. Hence, a&taduc- 
tion is’found to take place acfbss every*kn gikn space, the 
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modem theory is that a subtle, weightless, and highly 
elastic°medium, to which the name of ether has been 
given, pervades all space. Now for facts. If we take a 
large metal ball, and suspend! it by a silken thread, we* 
cam charge it with positive electricity, either from a 
rubbedvglass rod, or the positive conductor of any elec¬ 
trical machine. If now we bring near it (n»t touching) 
anotkfer ifl&ulated brass ball, we shall findathat this second; 
brass ball acquires and retains, so long as it is near the 
first oije, certain electrical properties fn the first placfe, 
we shall notice that the surface of the second ball which 
> is naafer the first or charged ball, is negatively electrified ; 
'wjiile the further side js in a positive condition. This 
can be shown even more strikingly by using two suspended 
balls' instead of only^qjie for the second ball. In this 
case*the two balls are kept together by their silken sus¬ 
pensions while appfoaching the charged ball, and in a 
line with the direction of approach. If they now be 
separated before they are withdrawn from the influence 
’ of the charged bp.ll, it will be found, on testing, that the 
ball that was ne|rer the charged ball will have acquired 
a negative charge,*while the furthe* ball will.be charged 
positivity. No matter at what distance the charged 
or inducing ball shall be ^placed from the others, this 
*feffeotVill always take place provided no good conductors 
intervene; but of course as the distance increases, so the 
effect Rapidly diminishes. What is this action ? Does it 
really take place without any intermediary ? A little 
•consideration vflll show that action at a distance without 
any medium t<| pozvrey that Action is a physical imjfossi- 
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t bility. The air* we know, is a non-conductor, so there can 
be no transference; and even if it permitted tifb slow 
passage of the charge from the inducer to the induced, 
Jbhis would not account for the opposite condition of the 
nearer surface of the induced body. Clearly then the 
air or other surrounding medium must play a p aft, and a 
very important part, in this action. It will be remembered 
. that we have noticed that “ like electricities *epeh and 
unlike attract.” Now if we have a positively charged 
iflsulated body, it* ^gts upon the mplecules <$f the air or 
other surrounding medium, polarizing them? and causing 
them to present their negative faces to the charged }>ody, 
(by the attractive effect of the positive for the negative), - 
while the positive faces are turned the opposite way*under 
the repulsive influence of the positive upon positive. * No 
discharge can take place, since, as we have seen, aii»is a 
non-conductor, but each molecule o# air in Jike manner 
puts a strain on its neighbour, until the surface of the 
induced body is reached; forming as it were a chajn (or a 
number of chains) of polarized air molecules, reacting from 
the inducer to the induced body. This strain in its turn 
puts a stress upon tip conductor, whiefi constitutes the 
induced body, and its molecules can part with thefr |j;rain, 
being conductors; the final effect is that the facse,bf the 
induced bod$ becomes negatively (Charged, the*p*sitiv«* 
electricity flowing to the opposite extrenfity, and this 
condition of things obtains as long as the ^barged 
inducing body is in imvieinity. * Asisoon as. the charged 
body is removed, or in anjf way discharged, thedfcrain on 
the \nedium, being relieved, things «ret^|h (after a few 
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surges, so rapid as to be almost imperceptible except by 
the mos% delicate appliances) to their original condition. 
Of'course if the induced body consists of a number of 
parts originally in contact but°afterwards separated from 
one another, before the removal of the inducing body, 
then thb’°nearer parts will be in an opposite electrical 
condition to that of the inducer, while^the further-portions 
will btf’foUfid charged with electricity of like name. Apd 
this latter statement holds good whether the inducing 
body bn charged negatively or positively** ° 

§ St It is not within our province here to give an 
account of the many pieces of apparatus or divers applica¬ 
tions to which this property of electrical induction can be 
put; we wish, however, to emphasize in the reader’s mind, 
that the presence of a i charged body immediately reacts 
on aft surrounding bodies, by putting a strain on the 
molecules ofAhe cijctfmambient medium, which strain in 
its turn reacts nn the*molecules of the bodies subjected to 
its influence. 

? .§ 8« Another property of electricity which must be 
noted in*this connection is that every current, nay, every 
manifestation of elictricity, is accompanied by magnetic 
effects, lb point of fact we may lay down broadly that 
magnetism is but one aspect of electricity; and that 
^hene^br a current of electricity is set up, magnetic 
conditions exist at right angles to the direction of flow. 
It is &sy to verify this statement. A piece of copper 
wire in its ordinary condition has ftp attractive influence 
*®n iron filings eft magnetic bodies; the same wire when 
traversed by a! £uwent will* be found to attract "iron 
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filings and to 1 behave magnetically. If we coil some 
insulated wire round a small ruler or pencil so aS to pro¬ 
duce a long helix (from which the pencil, etc., may be 
afterwards removed), a current being sent through this 
helix will impart <£o it strong magnetic properties, pre¬ 
cisely similar to those of a bar magnet. This tfiagnetism 
lasts as long as the flow of electricity is stronger in pro¬ 
portion as thei current is stronger, and ceaSes With its 
cessation. Lastly, if we place some iron filings in a tube 
kround which we^jhave loosely cpiled souse insulated 
copper wire, on sending a euwent through the wise the 
iron filings will be seen to arrange themselves in Kaes afc 
right angles to the flow of the^eurrent, while the entire 
tube under the influence of the current 0 will exhibit all 
the properties of a magnet. e 0 ■ 

The main facts we have to bear in mind are, that* 5 elec¬ 
tricity appears to be a species of wave nootion in' the 
molecules of bodies; that we have rifany means of setting 


up this wave motion. That not all bodies convey this 
wave motion equally well; those that transmit st n freel| 
are called conductors; those that present great resistance 
are termed insulators* or non-conductors; that induction 
is the result of strain or stress put upon the molecules of 
the medium by the presence of a charged (rapidly 
vibrating) $ody, which strain or stress sets up a%imikfi 
vibrating motion (electrified condition) in bodies in con 
tact with the medium; and that this strain or^ress k 
always accompanied 1$ magnetic effects, and often affect.? 
largely the conductivity of the bodies thdShselves. . ' * 

. .; 
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CHAPTER II 
• » 

HISTORICAL CONSIDERATIONS 

o 

§ 9. The action of a charged conductor on other bodies 
inits vi<jnity#ras know# in the early pgjjt of the eighteenth 3 
%3entu«y; the Leyden jar was described by Kleist, Cuneus, 
*and Mflschenbroeck about 1727, and from the notices 
givpn by several experimenters of that period there is no 
doubt tnat the phenomenon of the lateral discharge, which 
is iii itself an evidence o of ,the influence which A disturb¬ 
ance i® the electrical condition of a given body produces 
'on that of the sur^odhding Jodies, was also well known. 
We have an iMustraSon of the apparatus required to 
produce <this effect in a work entitled An Essay on 
^lectriyity,Jc )jr Geq. Adams, published,, in 1780, at Fig. 66, 
pla|p 4, where a ^eries of conductors not touching one 
another, and at a ceftain distance from a chared Leyden 
jar, arc sRown to allow, a spark to pass between them, at 
the instant that the jar is bfing discharged bv a separate 
discharging rod. Bow far this disturbing effect influenced 
the surrounding medium does not appear to have occupied 
the attention of these early experimenters, and although 
the possibility of prodftcing inductile effects by means of 
the' sudden discharge of so-called “ static ’’ charges has 
been shown expli»matitally by^Matteucci, yet the bearing 
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of this important feet on the problem of transmitting a 
signal through space not connected by my other medium 
bnt the intervening air does not appear to have struck 
' any one of them. In 185Sf J. B. Lindsay proved the possi¬ 
bility of transmitting a message across water at points oOO 
yards apart, without continuous wires; and h§*patentecf 
this invention in 1$54. But this can hardly be clashed 
with the phenomena which we now understand bj^' wire¬ 
less telegraphy ”; and even the results obtained by Mr. 
Breece between 3 $84 and 1894, and that f <Milmig,ated in 
his induction system, which consists virtually ia the* 
inductive effect of a wire carrying a momentary ^current 
of electricity on a similar wire ^t a distance from the %sf, 
but parallel to it, has but little affinity with the methods 
at present adopted. Riess and c Henry, in 1842, Had 
pointed out that the discharge of a Leyden jar wa's^ot. a 
Sudden and complete leveljing up® of the*difference of 
potential- between the coatings o? the *^ar, but rather 
partook of the nature of a principal discharg® in one 
direction, and then t a series of surgings bqohw^rds axufd 
forwards, until equilibrium was obta^ied. Fodderpn, 
Paalzow, and others, cotably Oliver Lftdge, projfe$ experi¬ 
mentally the existence of these surging waves during the 
discharge; and showed that the resistance of thecireuit 
increases, t&e number of these alternating dis^harg^S 
decreases, but at the same time their duration is greater. 
It was also known to Henry the great distance td which 
the inductive efiec^|pf these *su$jing diachargoa could 
extend, for he calls attention to the fedt tha?U tangle 
spabk of about an inch in llngtb front thejwinre conductor 
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of a machine passing to the end of a circuit of wire placed 
in an upper room, produced an induction sufficiently 
powerful to magnetize needles in a parallel circuit of irdn 
placed in the cellar beneath, at a perpendicular distance 
of 30 feet, with two floors and ceilings, each 14 inches 
"thick, intervening. This discovery of Henry’s, important 
as it was, lay dead and without practical application, until 
the attention of Dr. Heinrich Hertz, of > Carlsruhe end 
Bonn, was directed to this subject, in consequence of a 
prize Which chad beer, offered by th<i, Berlin Academy of 
Science for the elucidation of the relation which exists 
’-betwoeh dielectric polarization and electro-magnetic induc¬ 
tion. By means of a series of masterly experiments, 
following upon,careful reasoning, Dr. Hertz, between the 
years 1 ’ 1886 and 1891, placed our knowledge of these 
, elect!hrwaves and their effects on surrounding bodies on 
so firm a bnsis aq to have ^ enabled us to put them to 
practical use. *sThe author has ever been of opinion that 
no knowledge is so easily acquired or can be so thoroughly 
^betaingd, ns that following actual experiment; and for that 
reason be reproduces here illustrations of the principal 
experiments leading up to our present knowledge of 
electric ‘Vaves, and strongly recommends those of his- 
readgm who have not hitherto performed these experi¬ 
ments^ make practical acquaintance with tliem now, as 
by thiameans lihey will obtain a grasp of the subject that 
no amd&mt of mere book knowledge will ever give them. 

( § 10 f . The phenomenon of the lateral discharge, as illus- . 

trated in GeorgS Adams’ work, Ll easily demonstrated by 
as shown* in our Fig. 1. A charged 
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Leyden jar is pieced on an insulating slab (a sheet ofglaE 
or ebonite will do), and in close proximity to it aid eac 
other, but not actually touching, are two elongated cor 
ductors, the last of which may be connected to earth. O 
discharging the ja a by means of the discharging rod, am 
more especially if a chain intervene between the oute 
coating of the jar and the discharging-rod, a bright sparl 
will be seen to pass along the gaps between thvj- two con 



ductors, and also between the outer coatipg of tfee Leyden 
jar, at the instant that the jar is discharged. *> 

Another mode of ptoducing'an electrical disturbance in 
a neighbouring^ody and of giving evidence of %ii§ dis¬ 
turbance, is jihat devised by JJatteucci; in which a disc 
of glass about one foot in diameter is supportecPon air 1 
insulating stand in a vertical position. On the face of 
this disc is coiled, from the centre to the circumference, a 
spiral of well insulat«d copper wir$, starting from per¬ 
foration in the centre of She plate ahd t dominating in its> 
circumference. Each turn of the^wij^ besides being 
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insulated by ite; silken covering, is imbedded in shellac, 
applied in the form of thick varnish, in many coats; each 
being allowed to dry before the next is applied. The size 
°of this wire may be No. 20 or 22 B.W.Q. The extremities 
of this wire are brought out at the back of the disc, and 
made to terminate in brass balls. A precisely*’ similar 
disc, wound with finer wire (No. 34 or 36), terminating 
in brass handler, is placed facing the first dis<S. Oa dis¬ 
charging a Leyden jar through the coarse spirals, an 
experimenter, holding the handles connected, to (jjie fine 
wire spirals, receives a distinct shock, which is greater or 
dess according to whether the discs are near together, or 
far apart. Fig. 2 illustrates thi^ apparatus, and the mode' 
of using it. Preece’s method of telegraphing without 
wires is very similar to this, and legends, like it, upoii the 
induction set up by a momentary current along'a wire 
through the air, or other r intervdhing dielectric and 
another >vire lying parallel to it, but at. a considerable 
distance. The nature of the apparatus to be. -used is 
shown in our Fig. 3„ in which A represents a battery ox? 
other source of electricity; B, a tapping-key, or.similar 
means of making or breaking contact rftpidly; while G\ G; 
and O' constitute a triangle formed of a length* of wire 
suspended horizontally at the,points P F. It is evident 
that on closfng the key B and releasing it, a monfen tarjr 1 ^ 
current will flow along the triangle. I if facing t this 
triangle, at a distance not exceeding the length fef .the 
wire G between P Fq, there be* a Similar wire triangle 
JD V 2>" connected to a galvanometer, or afly other current?* 
detefttor, each time that coiftact be wadff or brokepgfht B, 
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tthe induction set up through the mediae will induce a 
fmomentary current in the opposite direction along the * 

| wire D, and give evidence of its presence by a deflectian 
| of the needle of the galvanometer 0. This is illustrated* # 
|in*dur Fig. 3. As it is not very ejsy to perform an 
f experiment demonstrating satisfactorily the oscillating 
nature of the Leyden jar discharge, we do net illustrate 
here the means by which this can be effected; but refer % 


T 



« • 

our' readers to thesvery clear explanation of this subject 
given udder the heading of “ The discharge of a Leyden 
jar,” in Oliver Lodge’s wor|;, Modern, Views of Electricity, 
1 fJere %e need oqjy tnention that it is in Sur power to 
modify the rafe of the oscillations which take place during 
the di«:harge by altering the size of the jar, and that we 
can in like manner codtrd! the duration of these oscillations 
Jby inserting better or worse conductors in circuit. 

|The fa3t # thai> iron-filings enclosed in a tube wtuld 
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take up a set position on the approach of a magnet or of a 
magnetic field, set up by a wire carrying a current in its 
proximity, has been known for nearly a century, but 'the 
1 discovery of the power which a static discharge has of pro¬ 
ducing a somewhat similar effect (accompanied by a great 
increase in conductivity) in metal-filings, and, la fact, in 
almost any small metallic bodies in close proximity to 
each other, though, of course, at a distance frGm the dis¬ 
charging body, is of recent date, and is due to M. Branly 
and Sig. Righi. (Advantage was taken of this by glhunder 
Bose to effect the explosion of« powder and the ringing of 
a bell by a local current at the time that the resistance 1 
of the filings, etc., enclosed in the tube was lowered by£h6 
impact of the electric waves. J „ 

Branly has quite recently shown that a tube 1 con¬ 
taining a number of small, well-polished balls, - similar 
to bicycle bearing-balls, has its Resistance greatly 
lowered on the reception of these electric waves. To 
Oliver Lodge is due the merit of the discoycry that 
this newly imparted conductivity is impaired if tljp par-y 
tides, be they filings, small metal balls, or simply, metallic 
surfaces ip loose contact, be mechanically agitated; 
or in other words, that the electric agitation appears to 
cause the particles to cohere, Rind thus allow the electric 
current to flbw freely, whereas mechanical agitatiofl teems 
to separate the particles, or “ decohere ” tfiem, thias # ren¬ 
dering the passage of the current more difficult, ^fo show 
the effect of a magnetic field $>n Iron-filings, it will be 
sufficient to procure a piece of glass tube abopk 3" long 
and* a bore, fitted with & cork at esypK end. paving 

0 , M 
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nearly fitted the tube with rather coars^ iipn filings, a 
pelix of about half-a-dozen turns of No. 20 cotton-covered 
tvirfe is wound tightly round the extremity of the tube, ff 
no^the tube be laid flat on the table, and contact be made 
between the free ends of the helix rfhd the poles of a 
single bienromate battery, pr a dry cell, Bt the instant of 
making contact the filings will be seen to take'up an end 
to end*f)Osiflon. The same effect will result if, instead of 
using the helix and battery, the pole of a magnet be 
drawn "^yer tube longitudinally. ^Tb show the effect 
•of a static discharge taking place at some distance from 
*ihe t»b*e containing filings, the following simple experi- 
diept may be made.^ A sljprt piece of glass tube is fitted 
as .before with a cork at each end. The size of this tube 
may be 1£" long by f ".boro. Through the centre of each 
cork if pushed a piece of No. 16 copper wire, bared and 
cleaned. Th% tube iS thei^nparly filled with iron-filings, 1 
the corks put ft and the wires adjusted so as t% nearly, 
but not quite, touch each other in the tube. This tube, 
•which Shafl^hqpceforth cajl a “ coherer,” is now attached 
in a horizontal position to one terminal of an ordinary 
electric Bell by oneTif the protruding wires. The bell is 
connected to one pole of a battery by its frpe terminal, the 
other pole of the battery bei#g placed in contact with the 
She wire of the coherer. The wires, passing through the 
tube pf the coherer, are now approached to each other by 
gently pushing through the cork, until the bell just rings, 
and then^is gently separated, until Hhe bell just does not 
ring. Things t£ing thus arranged, a charged Leyden jar 
1 These filings ^uust T>e perfectly clean and free from grease. 



0 


WIRELESS TELEORAPBt 


88 


fcHAP. 


of about one $nt capacity is brought within six or eight 
inches of the coherer, and discharged at this distance by 
fceans of an ordinary discharging-rod. The electric waves 
set up by the discharge of the jar will be found sufficient 


to cause the particles in the tube to cohere, thus allowing 





the current *to pass from the bottoin |o the bell? which' 
will ring and continue -ringing until the filings are 
“decohered” by tapping the tube. Fig. 4 gives « good 
idea of the arrangemeg| required! 8 
§ 12. The importance ©f having the "receiver® syntqnr, 
ized*or “put in tune” with the vibration rate of the 
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electric waveST-set up by the transmitter*#^ early recog¬ 
nized f>y Hertz (Sitsungsber. d. Berlin. Akaclem., Nov. 10, 
1887). Oliver Lodge (1890) described a form of receifhr 
ccgaisting simply of two long copper rods, suitably sup¬ 
ported ; and these may be taken as the prototypes of the 
“ wingsS* or wave collectors of the mere modem forms 
of electric wave telegraphs or signalling* appliances. 
HobirfSon &t about the same time devised an instrument* 
which he designated the “ electric harp,” consisting of 
abouf fifty *strips o£ tinfoil, each $b»ut 12” in lengflh 
and «$' wide, fastened down in parallel rows on a sheet 
of giaSs by means of any well-insulating varnish. The 
e^ges of the strips, at both ends of the plate, are con¬ 
nected together by a long strip of tinfoil, and then the 
strijfi are separated by a diagonal razor-cut, so as to 
divide'them into lengths varying from f " to 12”. Owing 
to the varying capacities of ,these different lengths of the 
tinfoil strips,•>Robinlon’s “ harp ” responds to ^vibrations 
extending over a very considerable range of wave lengths, 
as is .shown by the production of minute sparks along the 
‘gaps produced # by the razor-cut, on the discharge of 
almost*any charged body in its viainity; and .the author 
has taklh advantage of this property (of varying resonance 
by varying the length o£ receivers) to perfect a very 
Nieliot&e form of»conerer, which will be described in the 
dedicated to constructional details. To Hertz we 
are indebted for our knowledge of the capability of these 
electric waves bein§ reflected like those of light and 
‘of sound (1888); and Oliver Ledge (1892) has arranged a 
form of. parabolic nfirror, with suitable vibrator 
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^and receiver, to^prove the possibility of emitting and 
receiving a parallel beam of these Hertzian waves by 
reflection. To both Oliver Lodge and Hertz are due otir 
Cognizance of the feet that good conductors (metals, eljg.) 
interposed in the *> path of these waves, annul their 
inductive influence, while insulators oppose littfi or no 
obstruction. f 

r Quite recently (January 1900), Sig. Emilio ©uaitei, of 
Trani, has shown that it is possible to extend greatly the 
useful range of the-J^arconi form of receiver, i>y n .^ifi g in 
conjunction with it a peculiar form of “ relay,” o», as 
Guarini calls it, “ repeater.” This would appear to Consist 
essentially in a very delicate form of relay (see § 30, Fig. 
30), in conjunction with a coherer (§ 18*Fig r 8), which, on 
receiving the impact of the wave <jr waves from the tfhnS- 
mitter, automatically closes the circuit with another coil 
battery and transmitter, and thus retransmits the message 
to a greater distance. * at 

§ 13. We gather then, from the foregoing rimmi, that 
to no one man alone is due the merit of havipg«pl&Qed a 
new means of signalling at a distance within our*,grasp; 
but, rather, .that the intelligent application of isolated 
discoveries by such men as Nollet, Faraday, Henr$ Righi, 
Preece, Bezold, ftertz, Branly ( and Lodge, has enabled 
Marconi to perfect that system now known as “ Wireless’ 
Telegraphy.” ° c 
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CHAPTER III • 

ON THE HERTZIAN WAVEg „ 

§ 14 The subject under consideration has much in 
comm’($i witf^ ordinaay wave motion® a? we see it exem¬ 
plified in the ripples on the surface of a pond, or become 
cognizant of it as sound, a form of wave motion in the air, 
oi^other bodies. In ordej to render the matter as clear 
as possible, attention will be first directed to those waves 
with “which we are mpsfc familiar, and thence, by analogy, 
we wtll pass on to other manifestations of wave motion, 
which, not toeing so "easily, grasped by the eye or the ear, 
are not so retodily recognized as belonging to^ihe same 
category.- 

^ § L6.* If *ve throw a stpne into a pool of water, the 
mgtion «f the stpne translates itself into a wave move¬ 
ment ofl the surface of the water, and this motion is 
propagated in all directions from the pl^;e at which the 
water was struck, in ringlike waves, or ijpples, which 
%ecreaSe in height until the undulation reaches the edges 
of tjie pool, where, as the material against which the 
waves Jstrike is incapable of taking up the same kind of 
wave or^vibration, tfie effect apparently ceases. These 
Waves are, however, capable of* doing some work, as is 
rendered evident, by *the bobSing up and down of a piece 
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»of cork, of l§av&i, or any other light substances^ which 
chance to be floating on the surface of the water. If, as 
at the seaside, these wave^ happen to strike against'a 
material which is capable, even in a small degree,^#)f 
taking up this undulatory motion, such as the^shifting 
sand, the waves expend their energy in rippling *up the 
sand, as all‘familiar with the seashore will have noticed 
•when walking ofi the sands and following the*retr<&ting 
tide. These waves are very sluggish, and take so long a 
tune to travel, that fcfoe eye can easity follo% their ^notion 
and readily count how many Vaves follow one another 
per second, or per minute. It is in our power, using a 
more elastic medium than waty, to sgt up other # wavgs, 
which follow one another in very much more rapid suc¬ 
cession. For instance, if a gong .be struck, the "blow 
causes it to vibrate, and in turn to set up waves fl\ the 
surrounding air, and as we ara provided with 9 beautifully 
delicate arrangement of nerves in our ear6? which nerves 
are capable of taking up these waves, and vibrating in 
unison with them, provided they be not.fewer *lh&» six¬ 
teen nor more than 44,000 per second, we become cogni¬ 
zant of a something Vhich we call sound, whictf is the 
work done by the impact of these waves on the tympanum 
of our ears, a^id thence transmitted J>y suitable nerves to 
the brain. Of the actual energy or phwe$ to do work, 
which even these comparatively speaking sluggish dbund- 
waves possess, provided they impinge upon a body or 
bodies capable of enteUng into the same rate of fibratwn, 
the following examples Aay be given:—4 singer with a‘ 
powerful voice, if he or she sing loudly near a wine-glass 
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a not^ corresponding in pitch to the^ib^ation rate or, 
note given by the said wine-glass, will cause that glass to 
enter into vibration, and in jnany cases the waves set up 
ife, the glass will be so violent as to cause the glass to 
shiver c to pieces. But in order t8 succeed with this 
experffiient it is absolutely necessary* 1 that the pitch, or 
vibration rate of the glass • and that of the note sung by 
the 'operator, should be precisely the Shme, or, in eth& 
words, that they should be in tune with one another. 

Some tirRg ago one of the rocking^s tones at Stonehenge 
wasP known to be poised In a position of tottering equili¬ 
brium, and those to whose care it was entrusted, had 
noticed that it vibrated tp low notes, and were accustomed 
consequently*to warn visitors not to make sudden loud 
noises in the vicinity. »A certain lieutenant, disregarding 
•this*injunction, or perhaps desirous of testing experi¬ 
mentally tBe truth J of the statement, discharged his pistol 
at some littPB distance from the rocking-stone, with the 
result that the huge mass came to the ground, and cost 
the k^ulfentont £500 to replace it. 

\ If a flame of hydrogen gas, or even of ordinary coal gas, 
ba.adjtisted so as to be just on Che point t>f roaring, it 
lengthens out considerably, not giving much light. While 
in this condition, if # a long tube be placed„vertically over 
'it, it will be, found to give a musical note, owing to the 
rapid, vibration set up by the* current of heated air 
rushing up the tube. Jf a similar note be now sounded 
with ai^ organ-pipe or other insfltument in the vicinity 
' of the singing^flame, the two sdbs of sound waves faceting 
each other cause tBe flame °to bob down, and sometimes 
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be entirely extinguished. It must be borne in o mind 
that these waves, although recurring with much greater 
frequency than those which ( we see on the surface o'f 
water, are still, comparatively speaking, slow; the mqgab 
rapid of which the human ear can take cognizance^ being 
at the rate of about 44,000 .complete vibrations per 
second. ” 

fa Bat if we pass from sound to that rapid ‘vibratory 
motion which we shall call heat, we find that we can no 
longer measure thd v*§tves by thousands pei;, Second” nor 
yet by millions, but that, that degree of heat which 
corresponds to bright red, requires the atoms of the body 
giving out this heat to vibrate po less o than 400 billion 
times per second! Except by comparison,*the mind is. 
unable to grasp the meaning of tiege figures, but it will 
assist matters if we suppose that a man were to set "tim- 
self to count, at the rate of 24 0 % minuta, one, Si wo, three, 
four, etc., without stopping night or day ilhtil he had 
counted 1,000,000. This would take him just upotf three 
days and three nights; and .since our .billiDif 8 one 
million millions, it follows that our indefatigable sounter; 
would have “to go on- counting for about 8000° years 
before he would bave’completed his task of counting only 
one billion. Apd yet, whenever we see a glowing coal, or 
anything else that is at the temperature #hicji we usually 
call “red hot,” waves are being given out by that "body 
at the rate of about 400 billions pgr second. ! 

Now the particular faaves to which our attention is 
directed, and which are krfewn as Hertz wayes (from the 
name of the scientific man who devoted much time to the 
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: elucidation of their properties), do not jundulate quite sq, 
irapidl^ as heat waves; in fact, as far as we have been able 
| to measure them, their vibrations take place at the rate qjf 
lajjgut 230 millions per second. These Hertz waves are 
set up by any sudden electric discharge, such as that of a 
Leydei>jar, an induction foil, a lightning flash, or even a 
•nlere electric spark, such a3 can be got from an electric 
gas-lightef. As in the case of sound, in •Order that tkesd 
waves may become evident to our senses, they must be 
receiv^i by»§omething which is cappibffe of taking up tlie 
same*rate of vibration, or, Us we should say in the case of 
sound,”" in tune ” with them. 

„Ver£ similar, but not precisely identical, effects, are pro¬ 
duced when arfnomentary current is caused to pass along 
a'wife, upon another gimilar wire, quite separated from it, 
but parallel to it, and of the same length. Of this pecu¬ 
liar property advantage l\ftSjbeen taken by Mr. Preece in 
his earlier attempts to transmit messages across space. 
The apparatus employed by him in 1885, as shown in Fig. 
*5, consisted* virtually of two triangles of insulated wire, 
\jje‘ at the sending end, and the other at the receiving, the 
fotiper Connected ^o any source tff electricity whereby 
short, powerful, intermittent currents e®uld be made to 
complete their circuit alonjj the triangle, as^ for example, 
% number of jells ancl a tapping-key, while the receiving 
triangle was connected to a very delicate galvanometer, or, 
better*still, to a sensitive telephone. By means of the 
induction wave set up in the triangle B under the influ¬ 
ence of the m$nentary current "br currents sent through 
A, it is found possible to transmit intelligible signals to 
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^considerable distances, and even through a great thickness 
of solid earth! Owing, however, to the fact that the best, 
results are obtainable only when the bases of the triangles 
are of equal lengths, and not separated from each other fyy 
a distance greater than this length, it is evident that the 
application of thL method of signalling through space, ° 
though possibly of service under some circumstances, must 
<be limited. For example, if it were desired to»cor»muni- 




Fig. 6. Preeee system, another form. * * 

„ a .° ° • 

cate in this manner between Dover anfj Calais? as 
distance is about twenty-two miles, it Would be necessary 
to stretch a line^n the Dover side twenty-two miles ring, 

it, on the 

a o 

ag«9, in 

1888, the late Dr. Hertz of Carlsruhe and Herr vondBezold 
showed experimentaB j ja . that the 0 discharge of a Leyden 
jar is not such a simple 1 - process as it waS long^believecb 
to be, a mere instantaneous levelling °up fit the difference 


and another precisely similar^, and parallel to : 
Calais shore. » 

§ 16. In 1876, Prof. Oliver Lodge, and tken 
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jf potential between the two coatings of the jar, but „ 
rather that it took the form of a series of surging waves 

Moreover, he proved that these surging waves were capable 
>f setting up similar waves in bodies in their vicinity, 
\>rovided-Shese bodies were of such electrical capacity as to be 
able to vibrate electrically, at the same rate as the' body which 
emittecMhetfl. This noticeable fact has its-exact parallel an ■» 
the case of sound; if a given tuning-fork be caused to 
vibrate” jn the ^proximity of a second^Sning-fork of pre¬ 
cisely athe same pitch; when, under the influence of the 
sound,whve propagated by the air, this second tuning-fork 
enters into vibration, and emits a musical note. In both 
these experiments exact similarity in the vibration rate, or 
“ syntdny,” is a necessary condition to success, One of 
the simplest methods of showing this effect of a sudden 
discharge isathat qriginally employed by Dr. Hertz and 
slightly modified by Ffrof. Lodge. It consists in arranging 
two precisely similar Leyden jars, as shown at Fig. 6; one, 
A, in .jConaeQtion^ with any source of electricity of high 
hyjjLF. aijd furnished with a discharging circuit A', and 
the nthev jar B, ala® furnished with* a similar* circuit B', 
along whfth, at G, is placed a sliding piece, that by being 
tnoved backwards or forward^ enables the second circuit to 
syfifbnized' or % tuned ” to exactly the same vibration 
rate a&fche firs?; Besides this “ syntonizing ” or “ tuning ” 
arrangement, the jar B is fitted with a strip of tinfoil D, 
whieh, starting from ttie*inner coaling of the jar, passes 
ower the inouth’and reaches dowif very nearly to the edge 
of the outer coating. »Now i^Jrecharge the first jar with . 



32 • WIRELESS TELEGRAPHY [chap. 

electricity, and then discharge it in the vicinity of the 
second jar, although the second jar be entirely separated 
from the first one, we shaH find that at the instant that 
“the first jar is discharged a minute brilliant spark is vijjble 
on the second jar, between the edge of the strips coming 
from the inner coating and the outer coating o! the jar! 
This effect; like that of one tuning-fork setting another 
in vibration, or one glass causing another to 'ring,-is due 
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entirely to the surging waves'set up during the discharge 
of the first; jar disturbing the electrksal conditien of -the - 
second jar and causing similar but feebler waves^o respond 
to them. Owing to the small capacity of these jars, the 
waves are Necessarily very short and jiheir duration ex¬ 
tremely limited; hence the spark, though‘brilliant is ex¬ 
cessively minute. By increasing the size of the jars, and 
yet more by removing the ceatihgs farther from one 
another, it was found possible to intensify th8se effects 
largely. By making the 4wo coatings &f the jar quite 
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separate, from one another, and of considerable size, it is 
evident that we can influence a larger volume of the sur¬ 
rounding medium, and thus produce these effects at longdr 
distances. This constitutes tSe original and typical form 5 
of Hr. Hertz’s wave-starter, or oscillator, as he named it. 
The en&usiastic amateur can easily and ^cheaply construct 
for himself such an apparatus, by procuring two sheets of 
stout*%inc»about 16" square, and mounting these in, a : 
light wooden frame; at the centre of the edge of each 
plate a # littl% zinc strgp should be sojdjred, into which is 
to be«insertecfa 4" length of brass wire .about in dia- 
metej, bent at right angles. The free end of this brass 
*wije or rod is fitted with a brass ball of about 1" in 
diameter. Th,e zific straps and the brass balls are so 
arranged that when the plates stand in a line with one 
another the balls shall face each other. The zinc plates 
with their frames should each be fitted with two ebonite 
feet, raising thorn off the level about 2" or 2£". This very 
simple form of oscillator, if placed on a table with the plates 
'in ling with one another, and the balls separated by a dis- 
’'tjmee of „ from' to 1" according to circumstances, will, 

when coanected to -the inner and outer coatings of a Ley¬ 
den Jar, fthich is kept charged by means pf a Wimshurst 
or an induction coil, set up powerful electrical disturbances 
9r Heife waves imthe* surrounding medium, at the instant 
that the discharge takes place between the balls of the 
“ oscillator ” plates. To take up and render evident these 
waves, the very simple fohn of receiver known as Hertz’s 
Resonator 1 is well adapted. This consists in a rod of 
brass bent into shape of a nearly complete circle, 18" in 
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diameter. At thg gap the two ends of the incomplete ring 
should terminate in two l"brass balls, capable of adjustment 
so as to allow the proper sparking distance to be obtained. 

Tuning ” is secured by adding to this ring metallic exten¬ 
sions or “ wings,” placed on its sides either in permanent con¬ 
tact, or merely temporarily in juxtaposition. Fi§! 7 gives 
a general idea of the disposition of the parts required to' 
secure this result. A is the Leyden jar, B tod* F the 
oscillator, G and C' the balls between which the discharges 
flf the Leyden jard^te place. The„waves set up by these 
discharges, on impinging on the ring I), set up sympathetic* 
surges in it, and these overflow at the spark-gap between- 
the two balls E and E. The addition of the extensions or 
wings F F (more especially if one of fhesq be " earthed ”) 
greatly conduces to the success °f these results.* The 
apparatus just described, of the dimensions giveneaboye, 
will show a minute but brilliant spatk,,between the Balls 
of the receiver D, when placed eight or ton feet from the 
oscillator B B', even when a brick wall intervenes, if a 
sharp clean discharge be caused to take place &ojn thd , 
jar A, between the balls G and C'. This cjischargqneed vx$f 
exceed for this purpose in length ^feay roughly 12*000 
volts), but it rpust be clean and snappy, not brushing; 
hence it is well to insulate carefully the oscillator plates 
B B‘. Many other forms of emitters, oscillators, ®and c? 
receivers or resonators have been devised by experimenters. 

§ 17. We will now pass on to consider a peculiar effect 
which takes place in receiver? a£ the point where, and 
at the time when, the echoing spark set «p by *the wave 
flow!. This peculiar effect i# known* as coherence. Let us 
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suppose that we place there two balls practically in con-, 
tact. *We shall find that the mere pressure-contact is not 
perfect, and that either very^minute particles of dust, or 
tjjat a thin layer of air intervenes between the two. That 
this actually occurs can be well seen by placing an 
’ ordinary needle flat on the surface oP water, when al¬ 
though steel is nearly eight times as heavy as water, 



yet the%eedle floats, sustained by the,thin stratum of 
air which surrounds it. IJow if we test £he resistance 
^resedted to, th® passage of a current of electricity by 
those, two bafts thus apparently in contact, we shall find 
that ilf is considerable; but after having caused a Hertz 
wave to strike the balls, and set Slip its minute echoing 
spark, the resistance to the passage of a current of 
electricity falls . emJrmouslj^ and remains permanently 
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lowered, unless tlfe balls be disturbed, either by actual 
separation, by a jar, or other jolting. It must be noted, 
that after the passage of ijhe little spark set up by the 
"surging Hertz waves, the two balls do actually ccfyyrit 
slightly, with a measurable force, but that sound waves, 
or other mechanical vibration, will break down this 
coherence. Had we to depend solely on the observation 
of, the minute sparks set up by the Hertzian 0 waves 
in the receiver, as a method of transmitting messages 
fib a distance without wires, it is to be® feared that 
such a system of wireless telegraphy would note have- 
satisfied our requirements. But, fortunately, this’peculiar 
property of coherence enables us to make use of ,j;he‘ 
difference of resistance set up, to allow a current of 
electricity to pass from a local ^battery along the cohfer- 
ing points and thus ring a bell, deflect a ne&dle, or 
otherwise make clearly evident, either; to the eye or to 
the ear, 0 of the advent of the He&z wa te sent by the 
transmitter (§ 9). It has long been a well-known fact, 
that if a current of electricity be sent round* a«ttihe con¬ 
taining iron-filings, the filings which originally appeared aS 
a confused mass, without order, or as children sa^ were all 
“ higgledy-piggledy,” immediately take up a symmetrical 
position, the individual particles arranging themselves in 
lines transversely to the direction ofi> thp flow°of th*b 
current. This effect may be likened to the result, pro¬ 
duced on a company of soldiers standing “ at ease 0 ’’ when 
the officer gives thejjjpjmand, ‘^Fall in.” This effect is 
due to the fact that evbry manifestation °of electricity is 
accompanied by a magnetic 0 effect; In fact, that magnet- 
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ism is simply one aspect of electricity, that an electric 
current or wave is always evincing magnetism at right 
angles to its own direction. JEIence the current passing 
ktAtqss the tube magnetizes the contained filings in the* 
direstion of the length of the tube, thus causing them to 
adhere 'together end to eqd. The same thing, or some¬ 
thing very similar, occurs, if a tube, containing metallic 
filings ^nd* furnished with projecting wines, be placed,in< 
the path of the Hertzian waves set up by a transmitter. 
The efljgct i»not so distinctly visible^ trt the eye as whefi 
»a cuwent is passing "actually over the tube, but still 
cohering does take place, and the resistance of the filings 
'to Jhe passage of a current is greatly lowered. According 
to Pro? Oliven Locfge, who experimented with an 8" tube 
cohtaming iron-filing^ be found that the resistance fell 
from 2600 ohms before, to 2000 ohms after, the reception 
of the wave fcy the.tflbe; apd. in .the most modem arrange¬ 
ment, with suitable filings, the difference in conductivity 
is muck-more marked. It follows from this, that if a 
*battesy*bi.connected up iq series with such a tube, and 
with a onrrent detector, the resistance presented by the 
filings (Jin their ofiiinary conditions) may be <so great as 
to-prevent sufficient current passing to ,the detector, to 

f ive any sensible indication of its flowwhereas, immedi- 
tely on receiving t!ie impact of an electric wave, the 
resulting coherence so greatly lowers the resistance of the 
filings/that the current flows freely, and gives a very 
sensible deflection on £he currei^| detector, or galvano¬ 
meter. &uch Jan arrangement, tff a tube with projecting 
wires and cpntaiuinjf filings,Is called a “coherer.” A very 
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pimple form of cq^erer, known as -the “ Branly Tube,” is 
illustrated at Vig. 8 . 

§ 18. We can now profitably consider how the practical 
application of the knowledge of the facts we have jjult 
studied will assist tfs in solving the problem of transmit¬ 
ting a signal without the aic( of wires, and depending 
only on the medium around us. Let us summarize thes„e 
•facts—(1) We can set up electrical waves of different 
lengths, in the medium, by means of clean, Sharp dis¬ 
charges, the leng'oh^and the veloeity of 0 these* waves 
depending on the capacity of the bodies between Which 



Fig. 8. The Branlp T^be. 




the discharges take place. an*l .the r<?sistance*in the cir¬ 
cuit. ( 2 ) p These waves travel with an enormous velocity 
(about 200,000 miles per second), and to very great 
distances, their intensity becoming less .as kh# distance* 
becomes greater. (3) These waves, or*, striking other 
bodies, are able to set c up electrical disturbance 81 these 
other bodies, provided these latter are capable of vibrating 
at the same jrate, or, as a ir^rsician would say, are “in 
tune ” faith the body emitting the waves? fhis electrical** 
disturbance manifests itself by the production of sparks 
responding to those of the emitter, |tnd also by lowering 
the electrical resistan<$>*»between points in the receiving 
body which are not in ab&lute contact, bui? c altering their* 
molecular condition, (4) Th&t we caJi take advantage of 
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this lowered resistance to allow a cur^pnt of electricity, 
too feeble to overcome the resistance of £he imperfect 
contacts, to pass and to give sensible evidence of its flow, 
• a> Jhe time when the waves propagated by the emittef 
strike the receiving body. So far good, but there is this 
disadvantage, that when ogee the receiving body has been 
struck by the wave, the new condition of coherence, by 
meaHS*of fthich it allows an extraneous ^current of ej^ci 
tricity to “pass, is maintained, so that a current would 
continjjouslyjdow, ttuis doing away„ with the power 8f 
'transmitting any intelligible signals. Fortunately, how¬ 
ever^ if has been found that the slightest agitation, a 
’ slight tap, or any other jrurely mechanical vibration, or 
even a loud noise in its vicinity, is sufficient to destroy 
this coherence, and Jo ^prevent the local current (which 
is usefl to give the signal) from p*assing. 

In one of the molt conyrym /orms of receiver, we have 
an ordinary dectric bell, which, as all are aware, will 
ring when an electric current of suitable strength is 
caused* t*> flow .round its, magnet coils. In the path 
between* this bgll and the battery a coherer is placed. 
This coherer, in *ts ordinary state, presents so much 
resistant to the passage of the current from the battery, 
that the bell will not ring^ If now the coherer be “ put 
^n tune,” or .syrltonfzed with the apparatus destined to 
emit*the waves, at the sending station (which can be 
done py attaching to^it rods or wires of suitable lengths), 
then on a spark being caused to,pass at the transmitter, 
•waves are sel£up, which waves®on striking the receiver, 
break down the, resistance <bf the coherer, and allowing 
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^the battery currei$ to flow, cause the bell to ring. But 
unless some means are taken to restore the particles in 
the coherer to their original non-conducting state, the 
Current would continuously flow, and the bell as con¬ 
tinuously ring; a state of things that would be useless 
for our purpose. • It is quite true that sometimes the 
mere jarring or vibration set up by the ringing of the 
shell itself, is sufficient to shake up, or “ decdherfe;*’ the 
particles of filings in the coherer, and thus stop the flow 
of the local battery f-urrent. In fa$t, in some of^Oliver 
Lodge’s experiments with an ordinary glass tube coherer 
containing filings, he found he could not withofit^dis- 
cohering the filings shout to^ his assistant (who \^s 
situated about forty yards off), to cause hiip to press the 
key of the coil and make a sp%rk fc but was obliged to 
show him a duster instead, this being a silent 'signal 
which had no disturbing effect on th.6 coherer* or tube of 
filings. But it would evidently be unsafe *to depend on 
such uncertain means of decohering; especially as in 
many cases a bell is not used to render » the “signal 
perceptible. v ' * 

In Marconi’s arrangement, as originally devised, the 
decoherence of tjie filings is effected by a little fapping- 
hammer striking the tube. Thg hammer is itself actuated 
by an electro-magnet which is thrown into^circuit* with 1 
a small battery every time the Hertzian wave allows* the 
current from the main battery to pass through th^coils 
of . the Morse receiver,swhich serves at once to receive 
the message and to close%he circuit betw|en tfie small* 
electro-magnet and its battefy. In cadet t° render this 
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clear to the reader, we give, at Fig. 9, &n illustration of 
Marcom’s original apparatus both for transmitting and 
for receiving; the left-hand gipup being the transmitter, 
add the right-hand one the receiver. At A we have an" 
ordinary tapping-key connected to the* primary of a coil 
G C, through the battery^. The secoftdary C' of this 



Fig. 9. Mwconi’a original arrangement* 

v • • 

coil is'connected to two brass balls, D and D', which are 
placed JJt the two opposite diameters of two larger brass 
balls, E and E, that are half ins||ted in a glass tube 
fiMed witli vasejjne oil. The distances between E and E 
and between D, E, aS also between E and E, admit of 
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^adjustment tp suit the length of the spark employed, and 
the distance at which the receiver is placed from the 
transmitter. The receiver .proper consists in a coherer 
T T, constructed as follows:—In the centre of a glads. 
tube is placed a snAll quantity of a mixture of silver and 
nickel filings, to Vhich the merest trace of mersury has* 
been added. The position of this_ is shown at S 'N. 
'These filings lie? loosely between two conical gllvef'plugs, 
Ag, Ag, having wires which pass to the outside of the 
tube at each extr<?me£y. Before th® tube is^seale^’ up, it 
is exhausted of air. This is tt> prevent oxidation *f the* 
filings. The wires which come from the silver plugs are 
connected either directly or igdirectl^ to the wings# or" 
resonators, V and V'. These in turn have branch wires 
attached to them, which, passing tq the spirals L and L\ 
called “self-induction coils,” complete the circuit through 
the battery B and a delioate.Morse telegraph* instrument 
R, the lqver of which is arranged f>etweCSi two studs, so 
that when it is drawn down to the lower stu# at the 
instant a wave impinges on, the coheper T 4T, c it also\ 
closes the circuit of the little battery, b through the 
electro-mag’net M, thfls causing the hammer H 2o strike 
the coherer andedecohere the filings; and in thll manner 
to restore tp the coherer jts capacity of taking up 
a fresh impression. Many ingenious devices have been 
employed to bring about this shaking up or decoherqnce; 
perhaps one of the simplest, and at^the same tim6 a very 
efficient mode, is that used by Sir. Leslie Miller, which 
consjsts in attaching a wire on the surface pf which a fine 
screw-thread has been cut* as a "jsrolpngation to the 
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hammer-shank of the bell that is used far giving evidence 
of the signals, and causing the wire to lie crossways upon 
one of the wires proceeding f«om the coherer itself. As { 
a Result, every time the inflowing wave causes the Jbeil to 
ring, the bell, in ringing, draws its ifrire like the bow 
of a violm across the wire *of the cohered, and the vibra¬ 
tion thus set up in this wire is sufficient to shake up the 
particle!? i5 the coherer, stopping any «farther flow of 



• * Jfig. 10. Miller’s Decoherer. 

b <• • 

’ • • « • 

current of any more ringing until the next wave sent 
shall have again set up the # conducting condition in the 
clherer* Thi§ afrangement is Bhown in our Fig. 10, 
which -represents the coherer, bell, and decoherer portion 
of one oT Leslie Miller’g very ingenious wireless telegraphy 
sets. # • 

•In the form gif bell-signalling tS^paratus devised by^the 
author, the bamnjer <Jf the bill is made to strike on the 
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©coherer itself* Tf is device does away with all complica¬ 
tion, but of course it is limited in its application, owing 
|o the position in which the bell must be placed in relation 
to the eoherer. Fig. 11 gives a general idea of a leotui4- 
table apparatus arranged according to this plan. (The^ 
receiver alone is & illustrated.) , In this, A is the <relay, B 
the coherer, and G the bell, the hammer Hof which series 

“at'Dnce to strike the bell, and on falling back"to kgitate 



which one’pole is connected to one Wgnet coSi of the 
delicate relay 4* the other pole being connected to the 
coherer at whence the current passes (when coherence 
is set up) to the other magnet-coil o# the rela/.. Th$ 
batteiy G is in circuit with the bell U, through the 
armature of the relay A, when the, armature is attracted 
by the electric magnet! * : 

, § J19. Extraordinary a& are these result^ which can be 
obtained from the practical fipplicatibn of our knowledge 
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of these peculiar properties of the electee waves, yet they # 
by no* means exhaust the subject or its possibilities. 
When a spark-gap is arranged,between the balls of a Hertz 
resonator (see Fig. 7, E E') at such a distance that a spark 
will just not flow between them when influenced by the 
oscillator B B',, it will be found that if*those rays of the 


b o 



spectrunf which are known as ultra-viol# are allowed to 
fall on the space between the two balls of^the resonator 
1? E, flie spark nan now be made to pass, which goes to 
proY® that the vibration rate of the ultra-violet rays must 
in soirib way assist th^t of the electric waves themselves. 
In Hertz’s original experiments i» this direction, which 
were inslitute^ with the aid of afi induction coil (4)giving 
sparks between tjvo balls (B S), and shielded by any opaque 





46 


' o WIRELESS TELEGRAPHY (chap. 

screen (C), or ev^n a sheet of glass, from the spark-gap of 
another smaller coil ( E ) similarly arranged, but with its 
balls (B) so far apart thai^ they would only just allow a 
spark to pass, he found that the presence of the shield, 
which cut off theo ultra-violet rays emanating from the 
spark of the larger coil, prevented the smaller coil from 
sparking. This arrangement is shown at our Fig. 12,' in 
which the larger coil is to the left, and the suialletoto the 
right; it was afterwards found that the light given by an 
‘electric dischargemv.as not the only one that woi^d thus 
modify the distance over which the induced spark could be» 
made to bridge, but that the electric “ brush,” and, ia fact, 
any source of light rich in ultra-violet rays, such as the light 
of burning magnesium, etc.—would give similar results. It 
may be noted that although a scr%en e of glass seriously inter¬ 
feres with the passage of these ultra-violet rays, transparent 
though it be to ordinary,light, a screer of quartz does not 
impede their passage. Prof. Oliver Lodge has somewhat 
modified the arrangement to produce this effect., and we 
illustrate, at Fig. 13, the apparatus he employed. u A are 
balls proceeding from the prime conductors of a Holtz or 
Wimshurst machine. - These are respectively connected to 
the inner coatings of two insulated Leyden jars 0B and if), 
the outer coatings of which a,re connected together by a 
suitable metallic loop (G), and also to a jSair^of discharging 
balls (B B'), the distances between which can be adjusted 
at will. It will be seen that when tl^ jars are fully Charged 
they can discharge themselves through A, while the outer 
coatings will have their 0 equilibrium restored through 0. 
An ^overflow ” discharge, hdWever, Will always take place 
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between D and IT if these balls are n#ar enough to one 
another, but if over the opening of the screen 8 a sheet of 
glass be placed, these overflow sparks will cease; to recur 
ofa the removal of the glass or other obstacles to the passage’ 
of ultra-violet rays. From the experiments of Elster and 
J Geitel $ would appear that this effect is to some extent 



dependent on the nature of the discharge at the trans¬ 
mitting end (the ssciflator). * The subject orthe influence 
of light on any discharge is full of interest, and may lead 
to very* important applications, and for this reason we 
make fio apology for reproducing h^re an abstract of their 
Papers, which 'can be found iii foil in Wiedemann's 
Annalen 88, pp. 40,497 et seq .:—“With & view to veri- 
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lying Arrhenius’ l $heofy concerning atmospheric electricity, 
we arranged experiments on the photo-electric power of 
sunlight and diffuse daylight at Wolfenbiittel, from the 
middle' of May to the middle of June 1889. 0 

“ Hoor alone had observed the effect of sunlight pother 
experimenters hud failed to observe it, but we fjfrd a dis¬ 
charging effect even in diffuse daylight. 

„ “ We take andnsulated zinc dish 8" in diameter cepnected 
to a quadrant electrometer, or an Exner’s electroscope, 
and expose it in thp open, so that, it can be darkened or 
illuminated at pleasure. • „ o. 

“ Sunlight makes it lose a negative charge of 390„volts 11 
in about 60 seconds. If the charge be positive. it is 
retained. The dissipation of^ negative electricity ceases 
in the dark, and is much weakened by the interposition 
of glass. But light froih the blue siy has a distinct effect. 
Fill the dish with water*or, stretch a damp doth over it,' 
and the ( action stops. A freshly-scrubbed plate acquires 
a positive charge of 2J volts, which can be increased by 
blowing. With freshly cleansed wires of zinc, flumjuriuiJ', 
or magnesium attached to the knob of the J electroscope, a 
permanent negative charge is impossible in cpen sun¬ 
light. Indeed cmagnesium shows a dissipating 0 action in 
diffuse evening light. Such wires act like glowing bodies. 
Exposing an electroscope so provided in an oped spaci, 
it acquires a positive charge from the atmosphere.., No 
abnormal dissipation of positive electricity has been 
observed. o ® 

1 ^rvolt is the unit of electrical pressure, equal te about one Dattlel 
cell. Q 0 . . 
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“Our success last time was largely tdue to the great, 
clearness of the sky in June, and we wishecf to see if we 
Could get the same effect at tfce beginning of the winter. 
TSie following is our summary of results:— 18 

“ firight fresh surfaces of the metals zinc, aluminium, 
and magnesium were discharged by both^un and daylight 
when they were negatively charged, and they spon¬ 
taneously Acquired a positive charge whose amount could* 
be increased by blowing . 1 A still more notable sensitive¬ 
ness tdJightSs shown.by the amalgamsPof certain metals, 
wiz. insthe orcfer of their sensitiveness, K Na Zn, Sn; since 
pure ^nSrcury shows no effect, the hypothesis is permis¬ 
sible that the active agent is the metal dissolved in the 
mercury. If so, the following are the most active metals:— 
K; Na*(Mg, Al), Zn, Sn. . 

. "Alb-other metals tried, such a*s Sn Cd Pb, Cu, Fe Hg 
Pt and gas •barborg Show ng #cUon. The same is true of 
nearly all non-Metallic bodies; but one of them—namely, 
the powder of Balmain’s luminous paint 2 —acted remark¬ 
ably jrdll fe sunlight. Of liquids, hot and cold water, and 
hot and eold sali»sgIution were completely inactive; con- 
' sequent!^ wetting the surface of metals destroys their 
sensibility to light. The illumination eKperiments can 
'be arranged in eithegof t^o ways. For experiments in 
tfee space we y serine, aluminium, or magnesium wires, or 
small amalgamated spheres of zinc provided with an iron 
rod, With these it cqp be easily shown that the illumin¬ 
ated surface of certain metals aefrin the same way as 
a«flame-collectgr. ® ^ 

1 A fact noticed by Bichat and fSlondict. 2 Calcium sulphide. 
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> “For demonstration purposes the amalgams ^re run 
through a fine funnel, so- that the freshly-formed surface 
of the drops may be illuminated. The dissipation of 
electricity which took place with an apparatus thtfs 
arranged showed that when pure mercury was charged 
negatively to 195- volts it fell tp 175 in 36 seconds, while 
the amalgam of zinc fell from 195 volts to 116 in 15 
'seconds, the amalgam of sodium falling from °L95 B t» 0,in 
10 seconds; while the amalgam of potassium fell from 
195 to 0 in 5 second^ under the influence oMighfc^ 

These same experimenters in the course ofo theiP 
researches came across a very peculiar fact, nameiy-o-that 
if sparks are just able to pass between a positively changed' 
brass knob and a clean amalgamated zinc cathode, the 
illumination of the latter by u'tr%-violet light tends 'to 
check them. This is apparently in contradiction''to the 
results which we have noticed at the* beginning of this 
section, tyit, as Oliver Lodge well observes? the conditions 
are not exactly the same, for in Elster and Geitel’Sbxrange- 
ment the discharging surfaces are kept), at a steady high ’ 
potential before the spark, whereas in, the one shown 
at Figs. 12'and 13, the surfaces are at zero potential until' 
the spark-rush 1 occurred. It appears then, tha% whereas 
the action ofjight in discharging negative electricity from 
dean oxidisable metallic surfaces is ddfini|e enough, itti 
influence on a spark discharge differs according to the 
conditions of that discharge—in c^es of “ steady*s|rain ” 
it tends to hinder the ( spark, in cases of “ sudden rush ” it 
, tend^,to assist it. 0 o ° ° 

| 20. We have dilated sofiiewhat bn these experiments 
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because we desire to accentuate, in the leader’s mind, the, 
great analogy, if not absolute identity, between electric 
waves and light waves. When one has clearly grasped 
tihs idea, the possibility of directing and controlling these 
electric waves so as to make them cftpable, not only of 
transmitting messages, but* also power abd light without 
the intervention of wires, or any other medium but that 
surroifrifling us, becomes plainly evident. • As in the cdSe' 
of light, the apparent colour of which is determined b^ 
the number billione of vibrationsewbich occur in the 
ftiediuDa per second, so in the case of the electric waves, 
properties are evinced that are clearly dependent upon the 
j&pidity with which the v^prations succeed one another; 
and while th» whole group of phenomena known as 
induction, X rays, Hertz waves, etc., are but manifestations 
i of vibfatory motions, yet the differences which exist 
between thebi are duej-athor 4o variations in the vibration 
rates than to sfhy diversity of the motion itself. Hence 
we find ‘that these electric waves, like light waves, are 
a&pabie*of being.radiated, teflected, refracted, and polar¬ 
ized, and »a knowledge of these properties will doubtless 
enable u? to control their influence fln specialty prepared 
receivers and thus localize their effects, whether for heating, 
lighting power distribution, or signalling, i^ an efficient 
and practical njanfter. Up to the present time beyond mere 
signalling very little has been done; the following being 
the chje*f practical applications of electrical wave power:— 
§ 21. Professor Chuncfer Bose of ^Calcutta was the first 
t(f show the possibility of discharging a pistol, or filing a 
mine from a distance*withovft any intermediary but that. 
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of the atmospheric medium. For this purpose he arranged 
a form of coherer, which, although not absolutely new, was 
different from the Branly .tube, partaking more of the 
nature of that used by Oliver Lodge in one of his lectures. 
This consisted oPa smooth ebonite case, containing a 
number of spiral springs, having a metal plate as a cover 
touching these at many points, the springs on the one 
h&nd and the 2 netal plate on the other completing the 
^circuit when coherence takes place, under the influence 
of the electric wavfcs. Having placed a 96 ’here^ of this 
kind in circuit with a battery and an ordinary Abel's fusd; 
the resistance of the coherer having been previously 
adjusted by increasing or decreasing the pressure o&the 
metal plate touching the springs, or by varying the 
battery power until the resistance of the coherer was 
such that it would just not allow sufficient current"’to jpass^ 
to deflagrate the Abel's fuse?, *his latter was placed on the* 
touchhole of a cannon, etc., and then in shoot her room, or 
at any considerable distance (walls intervening), a spark 
was caused to pass between the balls ef a suityolooscil* 
lator, such as that illustrated in ouij, Fig. 7, By On- the 
reception of the waves thus set up, the coherer. Saving its 
resistance greatly lowered, allowed the battery current to 
pass, thus firing the fuse and discharging the ^cannon. 
It is quite evident, that in a similar manner a mine coura 
be exploded from a distance of several miles. It would, 
however, for practical work, be qdvisable to use a Vfilay in 
conjunction with the*'* cpherer, and to allpw this to close 
the^frcuit of the main battery and the fuse. Our Fig.14 
^illustrates the arrangement Vor this purpose. 
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§ 22. It will be evident, from a moment’s consideration, 
that b/means of an arrangement almost precisely similar 
to this, it would be possible to release the shutter of a 
silapshot camera placed at a distance from the operator* 
(say ih the car of a captive balloon, attached to a kite, or 
fn any (ffcher not easily accessible spot), and thus obtain a 



'picture at any desfted instant, without having any wires 
or other tangible connection with the camera. This power 
may yet prove of great service in topography^ and in time 
war Tor obtaining txaet information as to the location 
or tl)e movements of the enemy, without danger to the 
operators. # 

•§'25. Another applicftion of th* Hertzian waves has 
b«eh proposed' by Nikola Tesla' This consists^ the 
means of controlling and dinecting the motions of a boat 
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^(torpedo or other]? from the shore or from another boat. 
We are not aware that hitherto such a boat has actually 
been built; but as there are many points in its construe- 
'tion which are extremely interesting, and which might 19e 
made of service in«,the performance of several operations 
in the work’ of u house which are at present executed 1 
more or less faithfully by domestics, we reproduce the 
■ main features of Mr. Tesla’s invention. Of the annexed 
diagrams, Fig. 15 is a plan of Tesla’s boat, presenting 
a general view of'the apparatus employed ;<> Fig. 6 is a 


o 



Fig. 15. Tesla’s Boat: plan. 


<i ' * 

sectional view of the Tesla systein; and Fig. 17 is a 
longitudinal section of the boat, showing the mechanism 
in side elevation. Tesla claims that, in a broadosen^ hiSL 
invention differs from all other systems of controlling 
boats, in sc, far as he, uses no intermediate wire, cables, or' 
other form of electrical or mechanical connection with the 
object, save the natural media in space. The boat itself 
is provided with a propelling mechanism compflsing ft 
screrw-propeller, secured to the shaft of an electric motor, 
driven by the storage battery. £he vessel is 'Steered 
by a rudder controlled by a °steering motor. 0 The 
apparels by means of which the operation of ‘both the 
propelling and steering is co*$rolled ( 4nvolves the use of a 
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receiving circuit, adjusted and rendered sensitive to the 
influence of the electrical waves or impulses emanating 
from a distant source, the adjustment being such that 
(he oscillations of the circuit and of the source of dis¬ 
turbance shall occur in electro-magnetic synchronism. 
The reviving circuit consists of a terminal, a conductor, 
an electric controller similar to that used in wireless 
telegraphy^ and means by which the cuiyent may be jet 



• * Kg. 18. ^Tesla’s Transmitter and boat: elevation. 


to the ground tiiAugh the medium of the vessel’s keel. 
The circuit in question forms part of a, local circuit in 


which are included a relay magnet, and a battery, the 
tlectrdlnotive forte ol*which'is so determinecfthat although 
the dielectric layers in the electric controller are subjected 
to great tension, yet normally they withstand the strain, 
and ho appreciable c«rrent flow# through the circuit. 


When, hewevelr, an electric impulse reaches the djgleetric 
layers, they are broken dovjp, thus suddenly diminishing 
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the resistance, and permitting a current to pass through 
^he relay m&gnet. The»particular controller eriSployed 
need’ not be described here, but is shown in side eleva¬ 
tion over the motor, in Fig. 17. , The relay magnet fis 
used to control the operation of the propelling enginS and 
of the steering apparatus. Placed in the circuit of the" 
electric controller is a commutator, by means of which 
,thg direction of, the current may be changed, an order to 
influence one of the two relay magnets placed in the 
circuit of the -battery While one relay, for example, is in 
operation, its armature closes, a circuit parsing through, 
the motor, in order to cause the rudder to be awnpg to 
port. The other relay causes the motor to throw the- 

rudder to starboard. *” 

4 . 

The steering apparatus, as s^own in Fig. 15 and 17, 
consists, in addition to ‘the steering motor, of a .toothed 
wheel, engaged by a worm on the - sjiaft ofi, the motor, 
The wheel controls the rudder through the medium 
of a sleeve, by a toothed wheel, and a rod. A 
fixed vertical rod is mounted within 'the s]^eve fc an<£ 
carries an insulating disc, to the under surface of which 
brushes are secured. „ The sleeve su#ounding ihe rod, 
and turned by,, the motor, carries a disc, upon the 
upper face of which are secured two concentric circles 
of conducting 4, contact plates ‘Interspersed with insulated 
plates. In certain? positions of the disc* the brushes 
are in electric connection with the contact plates* Con¬ 
ductors connect the cqptact plates with the terminals of 
the ^ spelling motor, and the poles of- the* battery 
are so connected with two of„the brushes lhat when the 




Fig. 17. Tesla’s Boat: 
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rudder is in straight position, or turned to either side, the 
current is Conveyed through these two brushes, and 
through the contact plates to the propelling motor. 
*The steering motor is similarly driven by current takdh 
from the battery, #nd conducted to two brushes Si the 
plate. The motor, according to Mr. Tesla, maj^alwayrf 
be caused to rotate in one direction, whatever may -be 
.th^ position of,the rudder; and may be used t» .rotate 
in either direction whenever the rudder is inclined less 
than 45° from the gentre position.^ In addition ^to this 
mechanism the vessel carries, a small auxiliary jnotoiy 
Fig. 15, connected in series with the armature qf the 
steering motor. By means of this auxiliary motor, lights' 
on the ends of the standards lhay be ‘flashed in ttrder to 
indicate the course of the vessel ,to the operator at*night. 
In Fig. 16, illustrating diagrammatieally the operation of 
the system, the appara|us 4 io the Jeft indicates ‘any 
source of electrical wave energy controlled by a switch 
located in a box. The handle of the switch is movable in 
one direction only, and stops on four points as .shown, sft 
that as the handle passes from stop to stop, oscillations 
are produced during ,a very short interval. Teala places ‘ 
the handle of t^e switch, so that when arrested on the 
points at the top or at the bottom, the boat is deflected 
respectively tS the left or tcf the rfght* from its ^joursdl 
The normal position of the hands is horizontal. The 
impulses sent forth from the shore are, according t« Tesla, 
received by the terminal, transmitted to the commutator, 
to influence one of the relays, and to cause the motor to agt 
on the brushes to turn the redder i» whichever direction 
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it may please the operator. The motjon of the rudder 
causes 1;he second set of brushes to act on the propelling 
motor to drive the vessel. 

* Whether, as Mr. Tesla claims, his apparatus, by reasoif 
of its certain and unlimited destructiveness, will tend to 
bring at*>ut and maintain ^permanent peace, is a question 
to - be discussed. 

Another’Italian electrician, Emilio Quarini, a native, of« 
Puglia, is reported to have discovered the means of 
utilizing Marconi's wjreless telegraph y* over the greateSf 
distances, Tnis is accomplished by an invention called a 
repeated which receives the electric waves and is capable 
jj£j*ansrmtting them to other repeaters for continuous 
repetition. There need 'only be a repeater at every 
fiVe-hundredth mile, i| i%said, in order to establish com¬ 
munication with any given point of the surface of the 
earth. On# of the* many ^qpntemplated applications of 
Guarini’s repeater is ?ts use in future Polar expeditions, 
the corrftnanders of which will, it is claimed, be able to 
maintain «onstaq,t communication with home. 

Emilia Guariqj, the inventor of this repeater, is a youth 
* little mdfre than twenty years of age» In 1896 he was at 
college ifi Trani. One fine morning she quitted his 
studies, saying that he meant to go to Belgium to study 
Electricity, foj vflhich he felt a great love. He devoted 
himself to the study with great ardour. Scarcely a year 
had paSsed before his.jnvention was announced. 

§ 23a. As long ago^s the time of the advent of the 
fivst apfaratfis for telegraphing without wiesg, the 
question was asked 'fchethe* it would ever be possible to 
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perceive signals ak distances great enough to render the 
system practical. The improvements that haVe been 
introduced since then relate to the power of the trans¬ 
mitting and the sensitiveness of the receiving apparatus. 
The experimenter^, who have occupied themselves" with 
the question are» very numerous. One of ther#?, M. A.° 
Popoff, in conjunction with MM. Ribkine and Troitsky, 
^officers of the Russian corps of engineers, while making 
some experiments between two islands situated near 
Gronstadt, finding that the receiving apparatus had 
ceased to operate, conceived the idea of introducing a, 
telephone into the circuit of the radio-conductor, and 
battery, in order to verify the passage of the current ,, and » 
was astonished to find that th&' signal^ of the transmitter 
could be distinctly heard. From this he concluded that 
the electric waves produced in the radio-conductor- varia¬ 
tions of resistance that yere < directly perceptible at the 
telephone, and that it was possible to* simplify the 
receiving apparatus by suppressing the relay «and the 
automatic decoherer. It will be remembered, in, fact,: 
that the receiving apparatus usually employed up to the 
present are< based upon the Use of the Branly tube, the ' 
metallic filings *sf which become conductive aifter they 
have been reached by the electric wave, and would remain 

so, were not the tube struck in order tC deeoherd* thenfi 

0 

Hence the necessity of certain applications in order to 
obtain the shock automatically immediately after the 
passage of the wave. ^According “to M. PopofFs experi- 
ments^his is not necessary with the telephone. The 
filings, under the influence ofothe electric waves, undergo 
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different states of conductivity, and l3ie current of thn 
local battery that traverses them is sufficiently modified 
to produce in the disc vibrations that are probably very 
&eb|p, but perceptible to the ear. The radio-conductor 


Fig. 17a. 

musi* *however, undefgo certain modifications in order. 
that its ^sensitiveness may reach" a maximum, and the 
fSrm that has therefore been finally given it is that of a 
microphone consisting ofstett needles resting through their 
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extremities upon® plates of carbon. The apparatus that 
^11. Popoflf has studied and constructed in order to render 
the application of the apparatus very easy consists of 
%. wooden box, which contains a dry battery, the radio¬ 
conductor and the telephone. For the carriage of the 
apparatus, the radio-conductor is placed in the interior of 
the box at M ; but for use it is fixed at its upper part, - at 
A, and the connections with the battery .and - telephone 
are made by spring-jacks, which may be quickly put in 
'place. A hinge permits of ascertaining at what ^dura¬ 
tion it presents the greatest sensitiveness. By means of’ 
a special device D, shown in Fig. 17 a, and a flexible <sable, 
the apparatus is connected with the yard of the mast^hat 
has been previously established, while a, flexible cord, 
starting from a terminal, E, establishes a communication 
with the earth. The local circuit of the battery iff closed 
upon the radio-conductor,, and, telephone by means of a 
small commutator, and the telephone is put to the ear. 
As soon as the transmitter station operates there "hre very 
distinctly heard sounds that ar t e now shojt and now long,’ 
and that correspond to the signal of thfy Morse alphabet. 
The sensitiveness of- the apparatus is such that upon 
taking as a transmitter a Ruhmkorff coil that givh& a spark 
of about 4 mm. (about £"), M.^ Ducretet has been able to 
establish communication between his Ihops upon Rue 0 
Claude-Bernard, and another station situated upon 
Boulevard Port-Royal, 500 metres distance. Last Vinter * 
M. Popoflf made a most interesting application of his 
apparatus in the Gulf of Finland. A Russia^ armour-clad 
was stalled among the rocks'-upon the coast of Hohland 
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|sland, and her somewhat critical position forced her to 
/inter there, no communication with the continent, forty-^ 
even kilometres distant, being possible. M. Popoff was 
ommissioned to establish communication by wireless* 
telegraphy, and so a station was installed on Hohland 
Island, another near the cij;y of Kotka, and a third upon 
the ice-breaking ship Ermack. By the end of January 



Fig. 176. 


everything was finished, and regular exchange of dis- 
fatches*was b^guti. These permitted of saving the lives 
of twenty-seven fishermen who had floated off on a cake 
of ice A 6he position of which it was possible to signal in 
tiine to the Ermack. The transmissions were not inter¬ 
rupted, eJen itfien the snow was falling so fast that it was 
impossible to disijngiSish an* object at a distance of two 
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metres. It seenfted, on the contrary, as if the ^electric 
wave was propagated more easily under such circum¬ 
stances. Up to the month of April, the epoch at which 
the armour-clad was saved, 440 dispatches were 
exchanged. This aew apparatus will not supersede those 
already in service that permit of the inscription of 
dispatches with the Morse receivers, but will prove useful 
alongside of them for cases in which they might* fail to 
operate. On account of its great simplicity and sensitive¬ 
ness, it will serve'for stations that it would be convenient 
to install for temporary use. “ In the service of wireless 
telegraphy it may be considered as playing the Cange rdle 
as does the “ speaker ” in telegraphy with wires. 

Fig. 17b shows the radio-conductor alope, on*a larger 
scale. .. ‘ 

O 4 

The reader will do well to note, that not all conductive 
or semiconductive powder filing^' behave' in the same 
manner when made up into the form of coherers. Thus, 
certain bodies conduct better before receiving the impact 
of the electric wave than they do afterwards; cr In otb'ir 
words, the advent of the wave increase ,$ their resistance. 
Others again, such ae a mixture of graphite granules with 5 
fine mercurial globules, become momentarily Conductive 
while under the influence of the wave, but lose their con¬ 
ductivity immediately on its cessation, ‘without requiring 
any mechanical jolt. Coherers made with such bodies are 
termed "Auto-decohering.” The Popoff-Ducretet'and the 
Tommasina-Castelli ceherers belong to this class. 

For-§> 23& see Appendix, p. 119. c 
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CHAPTER IY 

CONSTRUCTIONAL DETAILS 

§ 24. As most of those who have perused the foregoing 
pages wjfl be desirous of performing the experiments them* 
selves, either for the sake of making actual acquaintance 
with the* known facts, or in the hope of improving, or 
even .of making fresh discoveries and launching out 
into pastures n%w, we deem advisable to give working 
directions which will qndile any one gifted with a little 
•neatness .and patience to make up the whole series of 
Apparatus nefiessary^ itith the^wdiaary tools usually found 
in a house. Wh«re it would be impossible for the amateur 
to do witlfout special appliances, such as a lathe, etc., for 
accurate # r<*ind wqrk, we shrill specify this. When it is 
essential tihat tli^agparatus should be made of any par- 
flcular siz®, the dimensions will be carefully givbn; where 
•this knot^done it is to be understood thift the size may 
be varied to suit the convenience of the operator. The 
fif§t piece of .apparatus required is some machine or 
instrument for easily generating electricity. We will here 
describe two such appliances, either of which is well within 
the grasp of the enthusiastic amateuff. 

§#25. Tie Induction Coil.—As for experiments* work 
it will not be necgssafy to use a spark of greater length 
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than |", the following dimensions refer to a coil of this 
^capacity. The material required for its construction are— 
a bundle of straight iron wires, No. 22 B.W.G., sufficient 
to make up a core f" in diameter, and about 6" long; $4b. 
No. 20 cl. c. c. copper wire for the primary winding, and 
about | lb. No. 34> silk-covered copper wire for the secondary 
winding; a piece of ebonite tube of about f" internal and 
1 <J-" external diameter, 5|" long, to slip over the^primary 
when wound on the core; two ebonite heads, 3" square 
laid about §" thifk, to make the ends of the bobbin; one 
sheet of thin ebonite, about No. &4 gaugti, 5" wide, 1£" 
long, for covering the coil when finished; 1 lb. of garaffii# 
wax for insulation; about 50 sheets of good demy gaper, 
which after being paraffined’v^ill seiVe both fa/ making 
the condenser and for separating the different layers’ of 
the secondary winding * \ lb. tinfoil wherewith to make up< 
the condenser; one foot i}f„|" hard <bj;ass rod for contacts 
pillars, etc.; §" of No. 16 platinum'wire fqr the contacts; 4 
No. 2 post office terminals; a piece of brass tube about 1" 
long, 1" diameter, and thick, in the shell; l t) piece ofjj^" 
tape for binding round core, etc.; sufficient thin mahogany 
(or any other hard wood), thick, to%iake a shallow bo*> 
9" long by 5" vide and l\" deep; also a piece planed deal # 
to make a false bottom or cover to this box. It Will be 
well to commence by making up tilis box, first. <For tiys 
purpose a piece of mahogany is cut 5" x 9"? and 4 strips f " 
wide are also prepared, two of t^hem being 9" long and 
two 5" long; these afe then mitoed together along their 
edges, where they are glued and bradded, and 6hen gjged 
and screwed to the 9" x 5"$iece first cut, L ’so as to form a 
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shallow tray 9" long, 5" wide X 1" outjide, and f" deep 
i tside.^it each corner inside should be glued h well-fitting^ 
t iangular block, standing about high and wide on 
i s two narrower sides (see Fig. 18). When this is done,* 
t lis box (which is to form the base of tjie coil) had better 
bfc clammed together and set aside to dry* While this is 
going on the operator can plane up and take the dimen¬ 
sions ofjbhe. thin false bottom, which should be about 4J" < 
wide X 8|" long. When the box is quite dry and the glue 



'• Fig. 18. Coil base ; inverted. 

v „ • • 

hard, the box may be sandpapered down preparatory to 
garnishing or polf&Mfeg at the operators option.; We men- 
tioned th^t screws should be used with yhich to fasten 
the upper band to the sides of the frame; if such be 
employed they should be small brass one?, flat-headed, 
andcounter-suhk flush with the'level of the wood: some 
may pr^fer to use dowels. The base being thus prepared, 
attention can be given i? paraffining the paper which will 
havq to b$ used in the construction of the condeqfer, etc. 
ki.-—* gfty sheets, 4"^< 5", ^rould be cut perfectly square 
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(jfrom the demy piper; and a little tin tray, or, in fact, an 
ordinary tin baking-dish, which must be perfectly dean, and 
^somewhat larger than the papers, must be chosen,, and 
placed on the hob or other warm place with about $ lb. of 
paraffin wax • in it. * The heat must be sufficient to melt 
the paraffin wax* to a clear oil t without causing it*’ to boif.'. 
The sheets of paper are then immersed and withdrawn 
orfe by one, allowed to drain on the edge of the dish, and 
.then hung up on a line by a pin in one corner until the 
paraffin is set. When all the sheet? have b£6n paraffined, 
they must be placed one by One between folds of white 
blotting-paper, and ironed over with a moderately hqt iron,' 
so as to remove any excess or any irregularity of the paraffin: 
In precisely similar manner arevthe sheets,prepared which 
are to serve to wrap round the ser^ei^l layers of the 'second¬ 
ary coil; the only difference being the size of the sheets, 
which must be not less^than 4f " wi&e by abfiut 14" long. 
Any superfluity can be trimmed off just previous to laying 
on. It must be borne in mind, that the first' layers of 
secondary will only be about in circ,umfere»n#; Vut«as 
more layers of wire are wound on, th|, circumference will 
increase ufltil the last layers will be nearly 10'*; so thaf 
the 14" strips ^ill admit, at the beginning of‘booling, of 
being cut intp three, and then into two, shorter lengths. To 
make up the condenser it will be well to )proj;ure two pieces 
of ordinary window-glass (not thick) 4" X 5", and having 
cut fifty strips of tinfoil 5" long «x 3" wide, the operator 
will place one glass shSet on a flaf'*table, and on the glhss 
sheet wfll put squarely and smoothly two sheets oPparaffioed 
paper. Taking a sheet of tinfoil in 'his fciand he will lay it 
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onthe paraffined paper, so as to leave qfmargm all round 
of except on his right-hand side, when the tinfoil 
extend beyond the paper for Over this tinfoil he will 
jrt|ce a single sheet of paraffined paper, and then again a* 
sh$et*of tinfoil, but this time the overlapping piece must 


.be placfijl on the left-hand side. Again is placed a sheet 
of .paraffined paper, followed by a tinfoil to the right, and 
so on—paper, tinfoil, paper and tinfoil alternately, until nil • 


the tinfoil sheets have been thus interleaved—Nos. 1, 3,5, 

7 , etc., overlapping on the right-ha.nd,^,nd 2,4,6, 8, etc., eh*' 
tfie fo/jjdiand. • The disposition of these several sheets of 



Fig 19. Section of Condenser. 


tinfoil and of paper is»shown in our Fig. 19, in which the 
thick lines represent the tinfoil and the thin lines the 
it^vill be understood that for the sake of clearness 
the different sheets are shown as if at some distance apart, 
vwhereas, *n fact/th’ly are lying one ypon the other. The 
, last tinfoil is then to be covered with tw# or three sheets 
of paraffined paper, when the second glass sheet is placed 
d*er this, cautiously * pressed down tightly, and bound 
together by winding some tape, slightly on the cross, round 
the narrower width of# the condenser, leaving, of course, 
, the tfro,extremities at which the tisfoils project free. The 
end of the tape can then be stitched to the layer below. 
•Finally, each of the projecting ends of the tinfoils are rolled 
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-^up tightly ^for After connection to the contact-breaker 
pillars of the completed coil. Fig. 20 illustrates the 
completed condenser. 

The core or iron bundle should now be prepared for 
winding. A piece r of brass tube or a brass ring, the inside 
diameter of whicfn is precisely,!'', is now selected*to serve 
as a gauge for the size of the completed bundle, and a 
sufficiency of ir«n wire straightened out and cut to- exactly 
^6" in length to fill the ring or tube. Beginning at one 
end, and pushing'cho ring or tube downwards asjhe pro¬ 
ceeds, the operator will bind the bundle tightijt. round 



somewhat spirally with a wide tape so.as to forth ojSpwi 
round cylinder of iron wire. He wil^fssten off the tape 
at both ends by stitching down. It is essential ‘that this 
bundle should bl firm and hard. After being thdfe wrapped 
with tape, they iron core should be iipmersed in hot melted 
paraffin wax until bubbles cease to appear. The core^S 
then removed and stood on end to drain, and when.Cold 
will be ready for binding. *• * 

To wind the core, About 6" of ’the No. 20 copper wire 
should l?e left free for future attachment, and thin begin¬ 
ning at about from one extremity 0 of the iron bundle, it 
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shojildjie tied firmly to it by means of/a piece of strong 
sills twist, and the core wound as evenly, closely, aMn 
tightly as possible, to within £"* of the opposite extremity. 
Here it would be well, in order to prevent the wire slip-* 
pinjj, that an assistant should tie the last coil down tightly 
to she core; when a second, layer in one continuous length 
with the first layer must be wound on in the same direction 
of winding -until the starting extremity is reached, whten 
the wire can be again fastened down by tying with silk 
twist a^d cut* off, leavjng as before a«prc>jecting end 6" lh 
fength^ In order to ensure? perfect insulation, which is so 
essenkial'to success in making coils, it will be well to give 
thes% two layers of wire a good coat of shellac varnish, 
allowing* the yarnish to Jsohk in well so as to penetrate 
the subjacent layer. TH# wound core should now be sus¬ 
pended in a warm place to enable the varnish to dry hard 
and'glossy, fend the 'operation*repeated until this end is 
attained. • 

A pieSe of ebonite tube 5|" long, of sufficient bore to 
Sid* n9l <bo loosely over theyvound core, is now chosen. It 
should be about ^"yn thickness. To make a good job of 
’the bobbin this should be fitted to»the heads, which we 
have previously mentioned as being 3" square and about 
4". thick, by having a screw-thread cut for about f " at 
lather * xtrenyt^ fitting into holes of similar diameter, 
tend,'threaded with a female screw in the centre of each 
head; Umt unless the*operator has a lathe and chasing 
fcbdlshe will not be .abft to do this»himself; in which case 
h#had bhtte£content, himself with boring centra* holes in 
the ebonite headp with a centre-bit to fit as tightly as he 
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can over the extremities of the tube to which they can be 
'fastened sqfiarely and firmly, either with hot *Prout’s 
elastic or with thick shellac varnish; either of which will 
•hold the heads firmly to the tube. * 

This being sati%factorily fitted, it should be mounted 
between two standards by driving a cork or bung® tightly 1 , 
at each end of the tube and pushing a stout iron or other 
wire through tfye centre of each bung, the wire resting in 
slots at the top of the standards ; one end of this wire or 
fc re.d being bent twicq, at right angles to serv® as handle 
by means of which the bobbin can be ‘rotate^ when 
between the standards. Below the bobbin on the,. same' 
standards, holes should be made, through which another 
stout wire can be passed thatTswves t6 support the spool 
of No. 36 silk-covered copper wirq'-vith which the secondary 
is to be wound. We give an illustration of the -bobbin 
mounted between the stjyjkfJ&jds with*, spool of wire below, 
at Fig. 21. A small pin should be*driven*>in the centre of 
the top edge of the left-hand bobbin-head, and ■about 6" 
of the No. 36 wire coiled tightly round this futurefattsaff- 
ment; then by rotating the handle which passes through 
the bobbin«the wire from the spool berow will beofound t& 
wind itself evenly and smoothly on the ebonite t»be. The 
greatest care must be taken in winding, first, that there 
should be no'breaks; secondly, tha£ thCre ^ should be rfh 
kinks ; thirdly, that each succeeding turn should lie close 
to and yet not overlap its neighbour; fourthly, that the 
wire should not be allowed to ussoil or slip back.* 1 To 
prevent .this, in case the operator should 'hav® to stop 
before one layer has. been conqjleted,®it is well to have a 
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pin on the standard or on the bobbin* round' which the 
\fire cJn be twisted during the interruption.* The coi]j»f 
should not commence quite against the head, but a bare 
ibace of tube of about wide should be left, and the samd 
margfai should be allowed at the finishing end. When 
’theref(?rf! the operator has reached to avithin £" of the 
opposite head, he will fasten the wire to a pin or otherwise 
to prevent slipping, and then will bast* the completed 



layer witfi hot melted paraffin wax, after which he will 
immediately wrap one layer of paraffin paper neatly and 
.lightly* round it,*taki!)g care to draw the eld of the wire 
of the last turn through the lapping edge of the paper just 
laicf onf so that it com^s out at J" from the ebonite head 
and feady for continuing winding .(the pin haying previ¬ 
ously been withdrawn), care being taken to rotate always 
in the same direction, wjth all the precautions above 
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mentioned, coilii% on the wire towards the fin^head, 
ftfctil within about X V' of it. 

The second layer is basted with paraffin wax and covered 
*with a layer of paraffined paper as was the first, the wire 
being brought out «s before, and a third layer wound on ; 
and so on until the whole ha^f-pound has been«faid on,' 
each layer diminishing in length by about The wind¬ 
ing of the last layer should be so managed, that the end 
of the wire terminates at the head opposite the one at 
Which the starting wire is attache^ to the* pin. * When 
this has been effected, about* 6" of the termiii’slcion if 
wound into a helix for future attachment to its terminals. 
These can now be put on the coiled bobbin. To this»end,‘ 
the bobbin is to be removed fro* between *fche standards, 
the corks and central rod taken cre^the last layer of wire 
wrapped very smoothly and evenly with several' layers 
of paraffined paper, the««£g#e of which can t>e fastened 
down by warming with a moderately hot Iron, which will 
melt the paraffin wax. The bobbin being set on a tablg 
with the wire ends uppermost v two terminals arW seledRSt, 
with shanks of such size as to admi^of being* screwed 
into holes Which will* be drilled, one in the centre of the 
top edge of each fc bobbin-hcad. A thread is put*in these 
holes by gently screwing the terminals in, the mergpt suijj 
picion of oil being used to lubricate if they go in too* 
stiffly, for fear of splitting the edge of the ebonite. The 
terminals having been thus fitted^ they are slightly un¬ 
screwed, and then, th# ends of each extremity of the 
secondary wire, having been bared of their sijken*covering 
and cleaned with fine emei^ paper, are coiled loosely 
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skank of their respective teAninals, which caq 
thin be screwed home. The wound bobbin can novtuHBI 
wrapped neatly with one layer of the thin ebonite sheet, 
*|ich should be cut to fit exactly between the two cheeks* 
the bobbin. It should be made «to overlap a little 
low, uf est, at the opposite diameter to^vhere the termi¬ 
nals have been fixed in the heads. To fasten this ebonite 
colrer iiJ its place, it will be necessary to make a few holes 
with a hot wire along the lapping edges, which can then 
be threaded ftith silk Jiwist and laced«together like a shdfe. 
The •flBhnd core can now* be placed in the tube of the 
bobbin, leaving about of the iron wires projecting at 
leach* end, and taking care that the spare ends of the 
primary copper wire also/>roject, as these will be required 
for after connection t<v*we contact-breaker, etc. In order 
to insure perfect insulation and to prevent the core from 
shifting in the tubfe,*tlie bo bl w owc hould be supported on 
end (with the*free ends of the copper wire projecting 
below), and any interstices between the wound core and 
tlRrtootJbfti tube .filled in by pouring in melted paraffin 
wax at the upper jend. .» 

The (fontact-breaker is the next portion that will 
demand (fur attention. To make this, in*order to get the 

f rrect # height, the c^il-bobbin is placed ojj its base, and 
e exact height from the base to the centre of the coil- 
core is measured and noted. A piece of round brass rod, 
a litjjle longer than tl?e measured height, and about §" 
*diaroeter, is fitted with a little flange at one end and 
|$Sfcced centrally up the stem at this end; the wffole being 
t&ftn tapped to take a snfell cheese-headed screw of J" 
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in length. The «,ther extremity of this brass rod has a 
We drilled * transversely through it at a point exactly 
opposite the centre of the coil-core, when this rod is 
standing without its screw on the base. This hole mult 
now be tapped and fitted with a milled-headed screw, Saving 
a shank about £'• in length; and a nut of nearly ^fie same' 
diameter as the milled head must be fitted to the other 
end of the scre^v. A fine hole of about diameter is 
now to be drilled in the centre of the tip of this screw to 
‘tke depth of about t? x of an inch. A tiny globule of solder 
is put in this hole, and a short piece of No. 16 p^JtinuRi 
wire is pushed in the hole over the solder. The whple is' 
now held over the flame of a spirit-lamp so as to-melt the" 
solder and ensure adherence ^ba tween the „brass‘and the 
platinum; when cold, the platijKun is cut off, s6 as to 
leave about projecting beyond the brass. The greatest 
care must be taken not to_i?sq any excess of solder, because * 
if any solder were to get on the placinumw.it would cause 
it to oxidize, and ruin it for this purpose. This completes 
the ’platinum screw contact-pillar. 

To make the vibrating hammer portion, a., piece of 
springy steel, such as a thin clock-spiring, of about the° 
same height as foe contact-pillar just finished, tod about « 
i" wide, is procured. This must be softened at its two 
extremities, and also at its centre, by beihg 5 held oW the” 
flame of a spirit-lamp, after which three holes are drilled 
along its central line, one near the bottom edge, oTth in the 
middle, and one at the top, exactly facing the centre of 
the core. <-* A piece of round soft iron, in ’diameter aad 

i" long, is now cut off, smoothed oii both its faces and 
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cle$ne<^ round its circumference. In tips centre 'of one of 
its faces is drilled a small hole of the same* size as 
pull in the top of the spring. This hole is then tapped 
with a screw-thread, the spring laid over it, and screwed* 
do\jrn*to it by means of a suitable small cheese-headed 
‘screw. - At the central hole in the spring is fitted, by a 
rivet, a second but much weaker spring, bent so as to in¬ 
cline slightly outwards away from the iroq hammer-he%d; i 
and to the second spring, at a point exactly opposite the 
platinufn tip^f the contact-pillar, is riveted a little plati-' 
ifum IjUton, made by pushing a short length of No. 16 
platiaunf wire through a hole in the top of this second 
[spring, and. hammering it on an anvil until sufficiently 
spread dht. A piece of j|' ’brass, about §" wide, is now 
bent twice at right ar^Jes, one side being about .in 
height; and the other about A hole is now drilled and 

tapped at the centra! portion^tjjis rectangle, to which is 
adapted a chees*-headhd screw similar to the one at the 
bottom &f the contact-pillar. A milled head, having a 
sSsw projecting on either side of the head (which should 
be about. in ^iameter), is selected, and a hole drilled 
Itnd tappted througn the upper end of the projection to 
take thi# milled screw. Finally, the ‘spring itself is 
screwed against the projection, with its iron bob on the 
Ijame side as $he*|" projection, so that the*milled-headed 
screw can be made to press against the mainspring, and 
thus re*g'ulate its stiffrfess. This completes the contact- 
breaker, of which we give an illustration at our Fig. 22. 

4Phe cdil pjrts being thus completed, the whoie can be 
put together as (pilots:— « 



; 8 T # WMELESS TELEGRAPHY - 1 [chap. 

Two terminals, are put through the top, of the frame, 
j^nch- serves*as a base-board, near the opposite cofhers of 
she narrow end. These should be placed sufficiently far 
from the edges to clear the little triangular blocks whidh 
serve to strengthen the frame; and the shanks -of' these 
terminals should ( be fitted with neat little nuts which-cart-, 
be run on from the inside of "the frame or tray.' These 



serve to facilitate the attachment $1 the wirgs. The> 
frame is stood with its false bottom downward^, and the 
coiled bobbin placed upon it, the contact-screw and the 
vibrating hanftner being held pro »in their oorrfe0 
place along the centre of the frame which constitutes the 
base-board, care being taken thaf the coil is so<,placed 
with reference to the terminals just.put in, that the head 
at which J.he free ends of the primary wire project should 
face these terminals. The iron bob of the coatact-br 
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holes drilled for this purpose in the centre of the lower 
edges of the ebonite heads. Exactly^ opposite where t^e 
^ireSjfci^the primary*come out of the coil-head two fine 
»holes wiU be- drilled in the base-board to admit of the 
.passage of these wires into the interior of the base-board, 
•the wiros being pjeviousjystraightened out so as to lie 
flatly and nearly against the coil-head. The condenser 
must now be put in its place, which is effected by turning 
* the-coil upside down, so as to expose the bottom of the 
box, in which t^ie condenser is placed lengthwise, as near 
as possihie to the end farthest from the terminals: it is 
fastened ip this position by two little buttons screwed in the 
sides of the box. *To connect up, one of the primary wires 
<(previoujly bare8 Slid cleaned) is coiled once*round and 
under th^ shoulder of the screw which hcjds the vibrating 
hammer in place, the screw being then tightened up to 
,dfcsure«perfpct contact. This same wire is* then stitched 
through the roll of tinfoil projecting from the condenser at 
the* end nearest to it.* Care should be taken in stiteh- 


sh^uld clear the iron core of the coil by about X V', and 
th<) plStinum tip of the screw contact-pillar should jugfc 
totlch the platinum stud on the weak spring. The posiuon 
of these parts being thus taken and marked on the base-» 
bo|rd®the operator will drill holes through the base-board, 
first, tc* admit the screws passing through to the contact- 
piljar and vibrating hamirfer respectively; secondly, two 
holes through which screws will be put, reaching into two 


ing the copper wire though the rcjjl that no leaves should 
bejorn, ljut that good contact should be made, Jhe other 


wire from th@ primary goes direct to one of the terminals. 
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without touching*,the condenser at all. From the other 
taqninal a tore is taken to the platinum screw contact- 
pillar, as before, by passing the wire under the shoulder of 
‘its holding screw, and thence taken right along ode 
side of the box te the opposite rolled ends of the con¬ 
denser’s tinfoil to which it is stitched as was the §fet wire!’ 
As it is essential that the current from the battery should 
( . - *0 



Fig. 23. Completed Coil : sectior 

u 


pass through these wires without short circuiting^ i'i w<n\M 
be advisable to separate them, wherever they cross, by 
strips of paraffin paper. We give an Illustration at Fig? J 
23 of this modd’ of connecting up; and for tba sake of , 
clearness have shown one of the primary wires as pro¬ 
ceeding from the back of the coil, wlieread it will r@ally 
in front like the other. We have also shown a commutator 
in position, in case the student should care to make? it part 
and parcel of the coil. .This is, however, optional. ° 

§ 26. «To make the Wheatstone commutator, the 
operator procures a piece of cylindrical wood, about 1£" 
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long by 1" in diameter. This may *be of boxwood, 
mahogany, or any other hard and well-seasoned wood. A.t 
• a pinch it may be constructed out of a piece cut from a 
circular broom-handle. Having been cut to the requisite 
length tmd trued up (if possible on a lathe) so as to be 
perfectly cylindrical, it should be boiled ii* melted paraffin 
wax until no morh bubbles* are given off. When this is 
the case.it must be removed, allowed to drpin in a warm 
place, and, finally, polished up by rubbing with a piece of 
flannel A piece of stout brass tub^, of such an inside 
diameters t<f fit tigfitly over this wooden core, is now 
$rocure3, eut to the same length as the wooden core, and 
forced on ik Two small holes are now drilled on each 
Side of these tubes,*at the* peints diametrically opposite 
each other. These holes, ^are to be countersunk, as they 
»are to receive four small screws, which will serve to retain 
,“lhe tube fixed to tfye»core. T^e screws for this purpose 
must be fine flaVheaded brass ones, not exceeding in 
length, soHhat they may leave a clear space through the 
ceflJxp of the core of in diameter. These screws, 
having been inserted into tfieir four respective holes, are 
diiven in gntil the hiads are quite fluqji with tile surface 
pf the tub*. Any projection must be carefully filed away 
with a fine file. When this operation has been satisfac¬ 
tory pefformed, £f line* is scribed at two points along the 
length of the cylinder, diametrically opposite each other, 
and equidistant from thettwo lines of screws. Now, with 
a fine* hack-saw, the operator proceeds to cut thd brass 
tub^longifcudinally, with four cuts, one on each side of the 
lines, just dra^n, at a»distaqpe of about T V' on either of 
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them. He cuts right to the wood, but no farther, and then 
removes thfc strips he has just parted from .ttfe tube* 
This operation leaves a wooden core, with two separate 
c brass cheeks equidistant from each other. The n£st 
step is to make or procure two small copper washerS, about 
y in diameter*, with a nr” hole in the centre ^f each. 
Two ordinary brass screws (with thread for Wood) .are 
then selected (hat will just pass freely into the holes in 
these washers. They should be about 1" long. A washer 
having been placed, on one of the ends of the wooden core 
quite centrally, a small hole is bored with a g^nlet (o 
admit the screw, which must not penetrate more than §' 6 
into the core. When this screw has been inserted by 
means of a screw-driver tc this depth, a little drop of 
solder is run round the shank ofj (he screw and the washer 
to connect them electrically together. The head of the* 
screw is then cut off with _a fine hack-saw, leaving nearljP 
of the shanks projecting. When this has been accom¬ 
plished, the other washer is fastened in precisely similar 
manner to the opposite end of the core, the greaiest .qsre 
being taken to secure centricity in the'serews, the shanks 
of which Will afterwards serve as trillions on jvhich tfee 
“ commutator” turns. By means of a short piece of copper 
wire not thicker than the -washer, and a drop of solder, 
the operator now connects one washfer with one brass chc$k 
of the commutator, and the other washer with, the opposite 
brass cheek, as shown in Fig. 24 A small baS^board of 
polished mahogany, a&out 5" X 4' x is now procured,^ 
and two L-shaped pieces of sheet brass ^hick^pre*-' 
pared, standing about 2" high, and® having 5 * a. hole nearly 
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at the top of each, of sufficient diameter«to just allow the 
screw-sfianks on the "commutator” to pass thitragh. Two 
holes are also drilled in the foot of each L, one to admit 
arf ordinary brass screw, the other to take a terminal. 
These two uprights are slipped on to tl\p projecting screw- 
shanks *bf the brass-cheeked cylinder, »nd being held 
closely against the washers, with their bent extremities 
< mtwardi, are screwed down in a central lijje on the base¬ 
board in its longest direction. The two terminals are 



then screwed into the outer two holes, so as to make good 
mfttallicvccjjtact with the brasses. Two similar pieces of 
brass, about 2|'* high, filed <lnd hammered thin so as to 
he springy, are nowTastened by meaps of screws to the 


Jbase-board# one on each side of the cylinder, and so bent 
as to press pretty firmly against it. Two terminals are 
cbttaectdti to thes€ sprfhgs also; and for the lake of avoid¬ 
ing. confusion, it is well that they should be of different 
pattern V " those attached to the L-shaped standards. All 
r that flow remains to be done is t$ affix a little Wooden 
hhmile to one of the screw-shanks, so as to be able to turn 
the'cylinder to the flight <jf left, at wilL This handle 
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should be so placed that it stands vertically when neither 
brass cheek'touches the spring; that is to say, wlen the 
cheeks point perpendicularly, upwards and downwards. 
4 This is shown in Fig. 25. It will be evident that if the 
two poles of a battery are connected to the terminals in 
connection with the trunnions, while the outer circuit fe 

• r ® 



coupled up to tthe binding screws attached to £he lateral^ 
springs, no current will pass so long as the eylinder stands 
as shown in t c he cut. If, however, the hsftidle be tamed®tp 
the right, so as to bring the upper brass clieek in contact 
with the right-hand spring (the tower, of course,simulta¬ 
neously touching the toft spring), the current will flow to 
the outer circuit in one direction; but if the„ handle is 
turned to the left, so that the Ripper cheek torches the left- 
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Hand sgfing, the current will flow in the 'opposite direction 
ifi the outer circuit. This form of current reverser seiyes 
sconce, therefore, as a two-way switch, and as an inter- 
rlipter, or rheotome. This instrument, when used in connec¬ 
tion with wireless telegraphy, can either be placed on the 
base of the coil, a$ shown in our Fig. 23,*or else be quite 
independent of the coil, being placed in circuit between 
the coil*and the battery; in this latter ease it will We 
advisable to place a thin piece of ebonite between the 
hammerhead *of the clapper and the eore of the coil, and 
thSn tioSlbrew up pretty tightly, so as to insure the coil 
jsorkiHg or stopping immediately the commutator is turned 
2 on or offi**- # 

§ 2 1.& tapping-key is* afso very convenient for the 
purpose of signalling, and H the Morse system is employed, 
jmore.hartdy than the commutator. To make this instru¬ 
ment for our purpcfee, the following simple plan may be 
adopted. # A piecff of mahogany about 6" long, 3" wide, 
thjck,is selected,and after having been squared and smoothed 
up, is fittedVith a drawing-pi^ at the centre of the narrower 
edge. This drawing-pin is" put into connection with a 
terminal fly means of a brass strap, abdMt wicfe and 
thick. At* the other extremity of the board a hole is 
drjjled for a secon^ terminal, under the shoulder of which 
passes a rather stiff spring (a piece of crinoline steel about 

wide will do very wellj), of such a length as to reach and 
cover, ^when pressed down, the head of the drawing-pin. 
A hole must be drilleff at this extremity of the spring 
exactly ovdt thp centre^of the head of the drawing-^>in, and 
in this bole must he fitted a stout ptfece of brass rod, which 
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can be sweated or screwed into the hole in the sp^ng, and 
fujRiished above with a neat little knob of ebonite, or box¬ 
wood. This arrangement is shown at our Fig. 26. The 
best position for this tapping-key is in series between one 
pole of the battery and one terminal of the coil. In this 
case, as in the 'last described in our section on the Com¬ 
mutator, better results are obtained when the vibrating 
hammer of the coil is screwed up tight. If, however, it is 
desired to signal by the dot and dash system, the coil 



hammer must be left free, in order that tile rapidly 
recurring vibrations may simulate the .effect gtVen by tLe 
continuous current needed to produq|a dash. 

§ 28. Eor experimental work, and especially for blh 
signalling, for explosion experiments, etc., the Wimshurst? 
is far more convenient than the t coil and battery. To 
make a Wimshurst suitable for this purpose, a pair df 
ebonite plates, 12" in diameter, thick, will be needed. 
A hole A" in diameter should be arilled in the Centre of 

c* a 

each. The plates sK’ould then be mounted on central 
bosses, r&ade of any hard wood, turned up t<?, cylindertU#!’ 
in diameter, 2j" in length. Each toss^or cylinder should 
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belbus^ed centrally with a piece of brasS tube internal 
dugneter. * , 

the plates are to be fastened to the bosses by means 
off three flat-headed screws placed equidistantly round' 
th$ central hole. The screws must b® countersunk flush 
wi|h the«ebonite; and to er^ure the non«splitting of the 
ebonite it is well to make the holes in the ebonite through 
which these screws have to pass, by pushisg a nearly red- 
hot wire through the ebonite at the desired points. At 
the extremities of these two bossest or rollers, farthest 
fi»m ffljeaplates, a groove must be cut, in which the 
jjriving-b&nd will lie. This groove should encircle the 
Vollerg aUabout a from their extremities. 

For thf driving pulleys,*a ficce of mahogany should bo 
sefectecf, about 4£" in length, and a sufficient thickness to 
f tum up- to 1£" in diameter. A hole should be drilled 
centrally aiM longitudinally tjywugh this of sufficient size 
to admit of steel spfndle being driven tightly through 
it, (The’spindle can be cemented to this wooden cylinder 
by giviflg»it a ccyxt of glue before driving it in.) The 
spindle should ppokct 1" £tt one end and 2" at the other. 
When the cylinder has thus been fitted to the' spindle, it 
•should be*put between the centres of a lathe and turned 
up to about 1£" in diameter. A couple of ^fiat pulleys 5" 
in diameter, f " tliick, with a groove cut m their edges, 
shoyfkl now be turned up out of mahogany, with centra? 
holes t?> fit tightly on* the roller last mentioned. The 
exact positions of these must be ascertained by* placing 
i6*tollei» parallel to the bosses when the plates face each 
Other, and seeing that th%grooves on the bosses are is 
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perfect alignment with the grooves on the large pulleys. 
These latter can be glued in that position on the roller. A . 
frame and standards must now be prepared. For this 
c purpose a well-seasoned board of mahogany or oak should 
be cut and planed d" thick, 15'' long, and 8' wide. At the 
centre of each wider edge, at 1," in from the extreme edge, 
a mortice-hole is cut 2" long, f" wide, right through the 
plank, and two uprights or standards are made to fit these 
holes. These standards should be about 12" long, and 
should taper from 2f" wide at the bottom to If" at the 
top, where they are rounded. The thickness^ ’ thdSe 
standards should be about 1". A tenon piece shonld b^ 
cut at the lower extremity of each standard tr’f.t exactly”,, 
the mortices already cut id the base. ..These Standards 
should now be temporarily put ir. place, and the position 
of the holes which will fiave to be made in the standards,^* 
first, to admit of the spindteiawhich carries the larger driv¬ 
ing pulleys, and secondly, those which will bear the 
upper spindle supporting the plates themselves, ascer¬ 
tained. Approximately, the first pair of holes "Will be at 
2f" from the base-board, and the upper-ones at f" from 
the roundeci tops of-the standards. A piece of round milS’ 
steel-rod fitting accurately into the brass tube bushing of° 
the rollers supporting the plates is now selected, and while 
the plates are being held in position 0 between the 
standards, this rod is slid through the holes in the upper 
part of the standards and through ^fche bosses of the plates, 
and then cut off of sttch a length as to be exactly flush 
with the butsides of the standards. 0 ° , 

O 

A couple of glass jars, about If" jp diameter and 
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6'f ii^ height, should be procured, 'and coated with 
tinfoil inside and out, to the height of about 2" from 
the bottom, not more. Two short wooden cylinders 
should now be turned up to fit loosely inside these jars? 
reaching to the same height as the tinfoils, and from the 
centre of each wooden cyljnder should rise a brass tube 
surmounted by a brass ball f" in diameter. Before cut¬ 
ting tlfe brass tube off to correct length* the jars should* 
be placed on the base-board, one at each extremity, in a 
line with thS edges gf the plate, and at such a distance 
fPomlJram that the brass balls should clear the edges of 
gjbhe plate by about The position of the bottoms of the 
jars «he»H now be marked on the base-board, and by 
means o? a 1 J"«centre-bi? hole should be countersunk 
at these two points tc^ admit of the jars entering into the 
apertules thus made to a depth of about J". The jars 
having be?n placed* in theg^dioles, the exact height at 
which the brass tube may be cut off, to allow the brass 
balls to stand at diametrically opposite points of the cir¬ 
cumference of tfye plates, ascertained, and the tubes cut 
off and screwea jnfgi the balls. The wooden cylinders may 
*now be* cemented into the jars by pouring in melted 
paraffin ♦ax to just over the height of the tinfoils. Care 
must be taken to make the jars pretty warm first, and not 
!o have the paraffin too hot, otherwise the glass jars will 
surely crack. The Leyden jars thus prepared can now be 
fitted \vith the “collectors,” which consist in two U- 
shaped pieces of Norl4 brass wins of about 5" ifl length, 
sharpened aj the points and bent so as to embrace the 
edges of both gjates, cleaning them by about §" on each 
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side. A chamfer Is cut across the face-of each bf^l with 
a rat-tailed file, and into this depression the bend of the 
U is soldered. If this has been properly done, when the 
Jars are placed in their holes, with" the U-shaped collector^ 
embracing the plates on each side, these latter will be in a 
line with each other across the t horizontal diameter of ,the 
plates, the points reaching about 1£" in from the edges-of 
•plates, not touching the plates at any point, but olearing 
them, as we have already said, by about f". We can now 
proceed to fix the jars in their position. AS for oeir pur¬ 
poses we shall make use principally of £he (Jj^rharge 
obtainable from the outer coating of the jars, i£ will be, 
necessary to lay a little strap of very thin brass 4shou£ -g**-" 
wide will he sufficient), and reaching from the Ifottom of 
the holes into which the jars fi$, Jo two small binding 
screws, which will be screwed in the base-board on the side 
farthest from the driving*J^ndle. Of cours# it will be 
necessary, if it be intended to polish the base and standards, 
etc., to do this before fitting finally the jars and brass 
work in their places. The straps above-mentioae<S being 
inserted in the holes, a little thick sh^JJap Varnish should 
be painted Ibound the bottom of the jars, and also rouprf 
the sides of the holes (but not on the brass strips), and the 
jars pushed in their places, care being taken, of course, th|t 
the U-pieces o? the collector are in their coiyect places, as 
above-mentioned. The next operation is to makeihe 
neutralizing brushes. For this purpose two lengths of 
hafd-drafrn brass rod in diameter and about 15" in 
length, are .bent into the form of a bow, reaching from one 
semi-diameter of each plate respectively, yound the top of 
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the standard to the other semi-diametef, at a distance of 
aljout 1" in from the extreme edges of the* plates. .The 
extremities of these two hows must not come into actual 
contact with the plates, but must clear them when rotatS 
ja|f by about f", and a small hole sheuld be drilled down 
the, ends of these r6ds to $, depth of al*>ut for future 
insertion of the “brushes.” Two small brass discs,- jV' 
thick, sare 1 now cut out, 1J" in diameter, and the bewtS 
soldered to these across their centre, the discs lying inside 
the cencavil^ of th^ bow. Two small holes are now 
Ailld^Su these discs to admit of two small screws, which 
,will «hereafter serve to attach the neutralizing rods to the 
upper eatremities of the standards. But before doing 
this, theT)rushe»jnust be*fitted into the extremities of the 
rods. *The best majeajal for the brushes is certainly 
“ tinsel-cord,” which can be obtained from most trimming 
shops. Admail piece of thjg, about 2" long, is bent once 
upon itself, and* the fblded portion pushed into the hole 
made in the extremities in each rod, and fastened in place 
£y driving in a little wooden wedge, made by pointing an 
ordinary match* ^iis latter must be cut off flush, leaving 
‘only th8 fibres of tinsel-cord proj eating. The brushes 
having thus been put in the ends of the two rods, these 
latter can be screwed up in their place at the top of the 
standards. Th* exact place of the brushes is of great 


moment, for the Wimshurst will not excite itself unless 
theyfi&ld a certain position with reference to the direction 
of rotation. In a machine such am we are descriSing, each 


neutralising; rod, as seen from the front of the plate swept 
by its brushes,.should paint like the hands of a dock 
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when marking “ S minutes to 5.” It will be seen^there- 
fore^that the*centres of the discs carrying the neutralizing 
rods and brushes will come centrally over the ends of 
the spindle which carries the plates. The machine requires 
some form of spark-gap arrangement, so as to regulate the i 
length of the spaik given. For this purpose the most con¬ 
venient form is that of a piece of stout hard-drawn brass 
•wiare about - 5 s /' in diameter and furnished with k brass 
ball at each end; the length of this “discharger” should 
be* about 18" long, the size of the balls 1 " in diameter. 
When thus fitted with its balls, the rod shonia bb D 
bowed, and then the extremities bearing tke 'balls 
bent sharply inwards towards r the convexity of the a 
bow, in such a manner thal; when the <centre of the 

o , 

bow is resting on the top of theo-standard farthest from 
the driving-handle of the machine, these two' balls « 
touch the centres of the barge balls on the tops of the 
Leyden jar. With a rat-tailed file, a little!'channel, rather 
larger than the diameter of the wire of the discharger, is 
now made along the top of the standard, previously men¬ 
tioned parallel with the piato/this cj^nr.el being lined « 
with a little piece of washleather, glued in; the discharg¬ 
ing-rod is laid in the channel at its centre, and hSld down ' 
firmly in place 6 by a little brass stjap, g,lso lined with 
leather, being placed over the top of the standard, ana 
screwed down at each extremity. This will allow the 
bowed discharging-rod to be approached or receded ffom 
the balls on the Leyderf'jars, and th£ packing should be 
sufficiently' stiff to retain the rod in any desired fjosititfn, 
after adjustment. The plates .must now 0 be sectored; for 
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thift purpose the operator will cut out 6# pieces of tinfoil, 
wepge-shaped with rounded ends, each sector being 1J" 
lorig, i" in width, at the widest end, diminishing to a little 
o*v«r at the narrower end. He will paint over on# 
sidjB of each sector with a light cijat of “white hard 
Varnish* and lifting^up each sector with the brush with 
which he applied the varnish, he will stick the sectors 
down en the plates, so that each plate wjll have a cirqjet* 
of thirty sectors on it, the smaller extremities pointing 
toward the bentre of the plate, and the larger extremities 
t»waftjs*the 'edge, at a distance of about f" from the 
jpxtr%me*edge. The sectors should be equidistant from 
one anqfchar, and great care should be taken that the line 
of their top edg£S forms s! perfect circle. As it is well that 
the vafnish should be gpmewhat tacky before the sectors 
are stuck down on the plate, it !s advisable to apply the 
varnish to^ix or eight sectojg before commencing to stick 
them down, and» then’to begin with the sector first var¬ 
nished, which by this time will have acquired a milky 
appeaitnee. The sectors can be smoothed and pressed 
down with the'^ssi^ance of small pieces of clean blotting- 
^aper. ffhe 2" end of the spindle passing through the 
driving pulleys should be squared or furnished with a 
screw-thread, to enable it to take a handle not more than 
9 ' lon^j. The machine can now be puf together, the 
stapdards glued in, and when dry will be ready for 
immediate work. Ffg. 27 represents the completed 
machine, from the side on which* is the dischai^ing-rod. 
Leather .bands must be arranged to convey the motion 
from the driving-pulfeys to # the driven bosses of the plates; 
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that on the handle side being an open belt or band, while 
the one on the other side must be crossed, as the Opiates 
must rotate in contrary directions. 

<* § 29. The Transmitter.—Two forms have received atten¬ 



tion ; the first is one in whicli two or more brass Hulls 'are 
encloseddn a glass tube t with vaselin| between the surface ^ 
of the balis, and with metallic extensions outside the tgbe*W J 
to put them in connection with the coil or Wimshurst. 
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do not recommend this form, as practically little is 
ecfsby the presence of the vaseline, and it is much 
mj re difficult to construct. The form we shall describe, 
tftfi which is shown at Fig. 28, is one due to Prof Olive* 
dg<T, slightly modified to suit our special requirements. 

• *Af piete of mahogany is cut and placed up 9" long, 
3'; wide', thidk. In' tSe centre of this is drilled a 
§" holg, and at the opposite extremities^ at about l"Jn„ 
two other holes of the same diameter are also drilled. 
A braffl ball* 2J" in diameter is sci^wed on a $" eboiyte 
rad ahoi^ If'* in length, and this is fitted in the centre 
’ hole, # so that the bottom of the ball clears the base-board 
lay abou£ inch. Two smaller brass balls, about 1" in 
diameter? are % now*procuftd.and fitted by screwing with 
ttro brass stems about oblong and f\" in diameter. Two 
|" cylindrical ebonite* rods now*have holes drilled trans¬ 
versely acmss their upper extjjemities, at about from 
their tops, of s»ch a»size as to allow the brass rods to 
slide in "them rather stiffly. In the centre of each of 
these Acgiite rods, at the top end, is drilled and tapped a 
hole to admit the stems of.h pair of “ telephone ’i binding 
'•crews. .These must screw down on J;he tranSVerse brass 
stems. Xhese binding-screws serve two purposes—1st, to 
connect the transmitter up to the source of electricity; 
Slid, to clench *the transverse rods in pJhce, when the 
smaller balls "have been adjusted at the desired distance 
from tfie central ball. * Before firmly fastening the balls 
fwith 1 their ebonite ^Jems in thei# position on the base- 
t> 08 U$ injo which they are cemented with a dittle hot 
Prout’s elastic glue,‘the base-board should be polished or 
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varnished. The brass balk also (as, in fact, all the brass 
work of the Wimshurst machine) must be polished with 
the ‘greatest care, and kept polished, since much of the 
success depends on the production of clean, sharp, 
snapping discharges; and it is impossible to obtain such 
unless the spark jug balls are kept rlj mirror-like bright* 
ness. In using this instrument the terminals of %he boil, 

, or those from the bottoms of the Leyden jars or the 
Wimshurst, are connected by means of heavily insulated 
wires (not touching anything on their <way) r to the 



terminals of the transmitter. The lateral balls* ak'e thdh 
adjusted-to suitable distances liom th^cenfral ball, which 
may vary from A-" to 2" or more, according td the spaq# 
which has to be traversed by the wave. <,• 

§ 30. The Receiver consists of four essential parts, 
namely, the helay, the Coherer, the Bill with its dS- 
coherer, and the Batteries. To make the relay the 
operator will cut a sufficient number of lengths of°No. 22 
soft iron 1 " wire, to makeup into two bundles 1long'and 
in diatoeter. He will either turn up otit of„boxwood 
two small bobbins 1long, in cfiameter at the heads 
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an| a| thin as possible in the body, *to fit over these 
bundles or cores; or, if he has not a lathe, he can make 
the tubes of the bobbins by rolling and gluing strips of 
b^dwn. paper to the same dimensions and fitting then# 
wi|h circular ebonite heads, which can be glued on the 
extremities of the^ubes. # He will then procure and 
square uip a piece* of soft" iron 1 " wide, 1 £" long, thick, 
through which he will drill two hole# barely f" .ini 
diameter, at such a distance apart that if the bobbins 
previously described have their projecting iron cores 
pwshft^ istto fhese holes, the flanges or heads will just 
Jjpuclj eaflh other. In order to keep the bundle of wires 
cylinjjrjgal^while the bobbins are being made and wound 
with- wirt, th^y, should Be tightly bound round with a 
strip oT gummed papgj^ The iron cores, having been 
inserted into the holes made *in the iron, should be 
fastened ifl place •permanently by soldering from the 
back^any excesaof soMer being afterwards carefully filed 
away. A little strip of thin sheet brass about 3 V' thick, 
lV' loriJj,end about wide, is soldered along one of the 
edges of the irog, for future attachment to the base. The 
bpbblns should now be wound very carefully land evenly 
(each layer being separated by one turn® of tissue-paper) 
wi1(h about 1 oz. of No. 36 silk-covered copper wire so as 
td forifl an electro-magnet. Care must betaken that the 
wire in passing from one bobbin to the other does so in 
the fo»n of a letter 3 . About 3" of the extremities of 
the Vires must be ^aft free, for after connection. Care 
muflt be, taken also that the faces of the 4 ron wire 
bundles which ]>rojdfet slightly through the bobbin-heads 
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should be filed p%rfectly gmooth and level, and in^o the 
centre of tlial bundle or core which is to the left of the 

O 

operator when the electro-magnet is lying flat with the 
brass strip downwards and farthest from him, he wifl 
force in a piece of i!o. 20 platinum wire, cutting it "off so 
that it projects about ^V' only above* the level of ^Ee face* 
of the iron bundle. A small iron armaiure must now be 
>made, f" wide, 1J" long, and thick. This must be 
squared up very accurately and at the top extremity, at 
abeut T V" in, two sms.ll holes must be drilled-in the edges 
to the depth of about -jV'. These holes must be exactly 
opposite one another, so that if this armature >ver^ 
suspended by a pin inserted in each hole, it would §yving 
freely and hang perpendicularly. The diameter of the 
holes should not exceed Yt'- In. order to support this 
armature before the poles of the electro-magnet, a little 
brass bracket must be made, by bending a pieJe of brass 

thick and about wide into the shape shown at our 
Fig. 29, and of such a size as to allow the armature to 
swing freely between the jaws without touching. A 
sharp pin is inserted and soldered p^int upwards in thte 
lower part’of this bracket, and a fine metal Screw, alsg 
terminating in a sharp point, is fitted in the upper 
portion, as shown in our Fig. 29. The armature can now 
be placed between these two points, and fffie lipped sere# 
tightened until the armature can swing perfectly freely 
without too much play. A piece of vulcanized 1 fibre, 
about 4'* in diameter, thick, is taken for a base, tmd 
the electromagnet, previously described, sc’rewed„dowj& to 
this by means of two holes made in ‘the projecting brass 
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Under the head of one of thesd screws, a loop of 
|o. 24 copper wire should be passed, to fcerve for con- 
ction to a small telephone-terminal placed above and 
rather t <y the left of the electro-magnet. The two firib 
vfires (No. 36) forming the ends of* the electro-magnet 
windihg, are brougift out^to the neare» semi-diameter of 
the base, and attached in good metallic contact with two 
small,terminals inserted in the base, at equidistant points 
along its lower edge. The swinging armature is now 
temporarily* put in_ position on the base; it must be 



*> Fig. 29. Bracket for Armature, 
c* 

adjusted® so that the swinging iron plays in front off and 
exactly opposi^ t£e iron'cores, reaching just <below the 
’lower wore and hanging parallel jyith them, when it 
swings 90 far forward as to touch them. This position 
having been found, the place where the foot of the brass 
SrackSt stands* should be marked. Two®mall holes, one 
behind the other, to take two small screws, must now be 
drilled? through the "brass. The bracket can now be 
screwed in its place, and underethe head of cfte of the 
scasws is clehohed a loop of No. 24 copper wife, which is 
taken under the shank of^a second binding-screw inserted 
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at the right-hand °side of the fibre base, to the right of 
the electro-magnet. We have now four connections on 
the base, namely, two above, by means of which a circuit > 
c&n be closed between the iron of the electro-magnet 
and that of the armature and screw; and two below, by 
means of which Current can he sent'Tound the foils, of 
the said electro-magnet. There only remains to put ft 
platinum contact on the portion of the armature exactly 
facing the platinum point projecting from the lower 
aleciro-magnet core. 1 To this end the screw in the 
bracket is loosened, the armature removed, and a Mtrip dP 
thin platinum-foil, about £" wide, and reaching from edge, 
to edge joi the iron armature, is soldered crarera^the 
irmature, by its edges only, ill such a position that the 
platinum-point in the centre o6*l;he lower core of the 
alectro-magnet shall surely strike the centre of this'strip 
of platinum-foil, when the “ftrijjature swings forward and 
touches the end of the electro-magnet. ■» The greatest 
care must be taken that no solder gets on the surface of 
the platinum, and to this end no excess of solder should 
oe used, ‘for platinum sucks up melt^ solder like loaf- 
sugar does water. The swinging armature can fiow be, 
replaced, and the holding screw slightly tightened. To 
obtain the best results, sufficient play must be left to 
allow the armature to oscillate freely, but the same 
time there should be no lateral or up and down wobbling. 
4 little brass pillar carrying a transverse screw inserted 
in the ba&e just behindf the armature, and in a line with 
'she lower “pole of the electro-magnet, will be- foapd 
advantageous, as by screwing ( this up any excessive' 
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swinging or chattering of the armaturS can be prevented 
T|is relay must always be used in a vertical position, 

J h the armature hanging downwards.* (See Fig. 30.) 
31. A very good coherer may be constructed on the 
owing plan, which is, with the exception of the material 
usjed* {pr the filing^, the, same as tht^ adopted by Mr. 
Leslie Miller. *A piece of thin brass tubing (known as 



• * Fig. 30.,‘Completed Relay. 

• * » 

w • 

triblet)gibout in diameter, bore*and f” in length, 
is cut and cleaned up carefully inside and out. Two little 
•ebonite caps %r steppers are fitted to this tube, one at 
each extremity. They should be made to fit tightly so 
as to» exclude air as fbr as possible, and should not extend 
into the tube more than -fa", jmd should haye a little 
" so as to project a trifle over the end&pf the tube, 
piedfe of No.* 18 platinoid wire f about 4" long, are 
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now selected, clea'tied, and straightened out. Th# ex¬ 
tremity of orfe of these pieces is to be bent into the 
shape 0 of a ring, of such a size as to encircle tightly the 
aforesaid brass tube. The caps are then pro tem. removed 
from the tube, the ring of wire, with its projecting end, 
slipped over the tmbe until it re^chesSaidway. The ring 
is then to be soldered neatly in this position to the tube, 
anc^any excess of, solder carefully cleaned away, -by scrap¬ 
ing and filing with a fine triangular file. Through the 
centre of one of the obonite caps a very fine hole ij now 
drilled, only just sufficient in size to allow the plajjiiloit} 
wire to be pushed in with difficulty. The wire should* be, 
pushed so far through the cover as to project'i*above 
the level of the inside, anch then the .longer' portion 
remaining on the outside of the*» 39 yer should be bent 
twice at right angles, the first bend being as close as 
possible to the cover, and fhe second bend at about 
f" from it, and parallel to the piece projecting from 
the inside. A piece of ebonite, about thick, is 
now cut into the shape of a lozenge, ,f" long at its 
greatest length, and about wide at itg, narrower portion. 
Through the centre .<of this lozenge is made a ffiole of 
sufficient size to allow the tube to fit tightly iiP. Near 
the longer extremities of this lozenge, equidistant frorn^ 
the central hole, 1 two small holes are drilled into which the 
platinoid wires can fit tightly. One of these wires, as we 
have already mentioned, should be bent twice at* right 
angles; nftw the cap beasing this wire ehould be fitted in 
the tube, With its bent wire on the side o£ the tdbe 
opposite to'the straight wire projecting O from the tube 
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itfelf^ This latter wire is now bent Up parallel to the 
wire to the lid, the amount of bend given* to each wire 
b|ing such that the free extremities of the wireS will 
eifter with a little coaxing into the holes made in the 
t\fo comers of the ebonite lozenge. *The platinoid wires 
can be t bent conveniently with the assistance of a small 
pair of flat-nosed pliers. The lozenge should now be slid 
down* the wires until it arrives to thg tube, and thejj 
pushed over the tube until it reaches the centre, where 
the rijig of platinoid wire is soldered to it. At this jjpint 
the*wirgs afls once again bent at right angles over the 
Joz^pge^o as to project straight out from the tube to a 
dist a n ce about 3" on either side of the tube. It will 
be undefrstoqjl thftt the 1oz«nge is only fitted to the tube 
'to impart a certain apaount of rigidity to the connecting 
wires; We have therefore noft a metallic tube in direct 
electricals connection with one wire, but insulated from 
the other wire,.which passes some little way up its centre, 
by the ebonite cap. This latter cap will form the bottom 
bf tbfe coherer. At this stage the operator will clean, 
most scrupulously the inside of the tube and tj>e project¬ 
ing end * of tfte platinoid wire, bj rubbing round the 
inside vrith a little stick such as a match, covered with a 
bit of washleather. He will then put sufficient coarsely- 
*^)OW(ftred metallic 'antimony into the ftibe to reach a 
little over fialf way, but not touching the upper cover 
when* this latter is inserted, which it should be at once. 
Tfte antimony for tj^is purpose i%the ordinary qpmmercial 
njftal, but dean and freshly fractured pieces should alone 
be used, aSd the hhnds of the operator should be clean, 
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and above all things perfectly free from grease or per¬ 
spiration, as *these are fatal to the efficiency of the 
coherer, if the antimony imbibes any. The size of the 
antimony powder (or other filings) is of some importance! 
If very coarse, it 0 conducts too freely, and does not 
decohere so readijy; if too fine, it prints a great Resist- 
ance, and requires both more stimulation'from the electric 
wave and more battery power to enable it to work*satis¬ 
factorily. Two little sieves should be made for the 
purpose of obtaining the correct size of Sntimqpy or 
other filings; one made of *copper-gauztf having- $4 
meshes to the linear inch, the other having tmly, 32 
meshes to the linear inch. The clean antimqgy. hav ing 
been put in a clean iron mqjrtaf, is reduce^ to <& coarse 
powder with a clean iron pestle^and then thrown bn the 
finer sieve. What passes*through ^%at must be rejected . 
as being too fine for out purpose. . The reneainder 'is 
placed in the second sieve, and the grains which can 
come through these coarser meshes will be of Suitable 
size. It is neither necessary nor advisable to ppWder & 
large quantity of the antimony* At a time,*Since it works’ 
much bettet when it has not been lofig expose^, to the * 
atmosphere, notwithstanding the fact that antynony if 
not readily oxidizable. The coherer is now complete, 
and ready for Connection to the reify, et<£ We pftesenff* 
pur readers with an illustration of this form of coherer, at 
Fig. 31, where the tube is shown irf sectioh in order that 
the position of the filings may be clearly seen. Another . 
f orm of coherer is that devised by tlie adthor, for ype " 
where very great delicacy and a greats range of sensitive- 
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ness is, required. This consists of a dumber of brass 
tubes similar to the one previously described.' Each tube 
is closed'at the bottom by a brass cap soldered on, from the 
cehtre of which projects a short piece of No. 18 platinoid ' 
wire, the upper extremity of each tube being closed as 
before trjth a tightf/-fittiqg ebonite cap, through the 
centre of which passes a piece of similar platinoid wire, 
reaching to. within about of the bottam of the litt'e • 
brass cell, the other extremity projecting outwardly from 
the centre of the ebonite cap. EachHube is about hdf 




filled with«the antimony powder, as in the case previously 
^described, with, ftpw^ver, this difference, namely, that each 
tfibe has «* powder of a different degree qf fineness in it, 
beginning *with that of an almost impalpable dust, and 
increasing in coarseness till it reaches that which will 
pals through the 32-mesh sieve already mentioned. A 
convenient number of these tubes is seven. A triangular 
frame of brass is’ now prepared, one portion of which is 
N mad£ by cutting a piece of hard «sheet brass abbut -fo" 
Niii!£,J»into the shape shown in our Fig. 32, A ; theifother, B, 
of precisely the same shape d but double instead of being 
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a single piece; In other words, three pieces of bjass are 
required; t5n small holes are now drilled through the two 
piebes forming the lower half, B, of the frame, those along 
the lower edge being equidistant. These holes are to Tbe 
fitted with very rfine screws and nuts to bolt the two 
pieces which fomn the lower s half ^6. the frame .together.' 



nuts. Che quickest way to make tjjiese latter is to hin a 
short lefigth, say three or four inches, of No., 16 Jhard- 
drawn brass wire through a suitably sized hole in a screw- 
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plate, agd then cut off portions of the screws thus pro¬ 
duced of suitable length (about to |"), and then, in a 
§No. 16 gauge brass strip, drill and tap 24 holes about 
f"° apart. When these holes have been tapped with a 
screw-thread, so as to fit the screws just made, the strip 
can be cuj; up into lit±l& sqqpres or hexagons to form the 
nuts. A piece of “ebonite of the same thickness as the 
brass -dois now fitted between the portions,, 0 and D (see 
Fig. S3) by four of these nuts and screws. The ebonite 
strips should Separate^ the upper and> lower portions ef 
the-frSmeJby hbout at the points C and D. They 
sejye,$t ode and the same time, to connect them together 
taechanically^and to insulate them electrically. The frame 
being thu# joined together, the operator proceeds to lay 
the' seven coherers in posi tion across the frame, as shown 
our Fig. 33, at equal distances apart, with their tubes 
‘jfc a line witti G and? D, the ebonite caps looking upwards 
towards the soldered*’wires reaching downwards to B. 
The equidistant position being marked on the frame, the 
wires pr 8 ceeding from the ebonite caps of the coherers, 
.and resting on 4 , a^jp soldered in the positions marked, 
ady wire projecting being cut off, and all excess of solder 
being carefklly and neatly filed away. One precaution is 
here necessary. In order to get the best results, those 
tubes’ cdhtaining the liner filings should be at the nar¬ 
rower end of the frame; those with the coarser should 
be placefl at the wider extremity. The screws and nuts 
on tKe lower base ojj the frame are then loosenfed, the 
wires»ltom the' lower ends of the tubes slipped*®! their 
places, cut off flush wfth the edges of the bar, and then 
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the screws and nuts replaced and tightened up. ^U1 that 



remaini^to be done is to put two brass 'tabs withi wire 
extensions at the upper and lower com^jB, &and D, under 


V.] '• (K)NiTRXt(mfyNAri^tAiM • ; 109 

• . V ’ **' 

nuts. These are to serve as connections to relay, 
tell, tc. f 

k | $Q. It is hardly advisable for the amateur to construct 
his civil bell, since electric bells can be bought so good 
and |o cheaply as to render it practically impossible for 
any f>pe t« make a bell that shall compete in efficiency 
with? one costing three or four shillings only. Two or 
three precautions, however, should be observed in choosing 
the bell. 

1st. The size should Jbe that known %s 2£" gong. • 
2M.*^h» contacts must be platinum. 

3rd,* The winding should be No. 26 silk-covered copper 
jyire. , 

The purchaser should notice? that the bell rings freely 
if held vertically againsjri. "Wall, wjth the gong uppermost 
ISmi the‘hammer downwards, when actuated by a small 
<$ry cell, about 4" by *1£", or hy a *one pint Leclanche cell. 
Having selected a "bell answering these requirements, the 
operator, holding the bell in the position last described, 
namely, agHnst a # v^all, or other flat vertical surface, with 
.gong looking ujMKanjjs and the hammer downwards, will 
make a scratch or other mark on the surface of the ball 
which serve* as the hammer at a point opposite the ground- 
linajs4hat is, perpendicularly downwards. Jf the ball of 
^thebell Can unscrew, he will then unscrew it, and drill and 
tap a. hole, at the spot marked, of sufficient size to take a 
piece of Sfo. 16 hard brass or platinoid wire on which a 
^crew-thread has bee» previously dlit. If the bill will 
not uliscrew, § little blpck of wood may be placed ffetween 
the ball and the .gong, an<4 the hole drilled and tapped 
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while the ball°is in position on its stem. The ( piece of 
wire having been inserted into this hole and screwed 
tightly home, any excess over 1" should be cut off with a' 
pair of sharp-cutting pliers. It is needless to remark, 
that if the ball has been removed, for facilitating drilling, 
etc., it should be replaced and screwed up agaiij, previous 
to inserting the 1" length of wire. This projecting 1" of 



Fig. 34. Bell with Decoherer. 
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wire forms the decoherer. We give an illustration of the 
bell fitted with it? decoherer at Fig. 34. ° u 

§ 33. The batteries required in these expegments wijj 
vary somewhat with the nature of the experiments them¬ 
selves. Between the coherer and relay one, or^t ffiost 
two, ordinary dry cells, standing about 6 ,y by 2", will bd* 
found ample, or a single pint Leclanchh may be substituted. 
The buttery between -the relay and c {;he bell may also be a 
Leclandhd, or dry cell; but if, instead of ringing a fjell, it° 
be desired to light a lamp, or fire a'fuse* the battery power 
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needjed yvill be greater. For firing fuses, or any explosive 
experiment in which a low-tension fuse is employed, a one- 
©pint|Rhromic acid cell will be found generally useful. 

Iff however, it is intended to use the apparatus to light 
a ladpp, or to drive a motor on the reception of the wave, 
it° wi|l He^necessary to employ batteries ofisufficient power 
to do the work. For instance, if it were desired to light 
a lamp of 16 volts 5 c.p., eight small accumulators must 
be put in circuit with the relay and lamp (the bell of 
course being ctit out qf circuit). If ft were intended to 
use<stl*3 rapeiv%r to start a ^ horse-power motor into 
legion, tkS motor taking, say, 10 amperes, at 20 volts 
Jpressuj^ then 10 accumulator cells arranged in series and 
capable of "giving amperes fbr the required number of 
hours’ work, will be neejlp'h 

» § 34.-For the benefit of those who have not had any 
experience °in fitting together «thd different pieces of 
apparatus, we subjoin 3 few instructions as to the best 
method of*so doing. Two pieces of mahogany, 12" long, f" 
thiZk, aifli 8" wide, must be planed up and polished, and 
one piece attache? lengthwise across the middje* of the 
dther, by J&o screws passing through a th^ centre of the 
Ipwer board, into the centre of the edge of the upper 
boarcl. The result will be similar to a letter J_ upside 
do#n. *For facility of 3escription we will cafl the horizon¬ 
tal board the base, and the vertical board the plank. We 
begin by inserting two cylindrical mahogany pegs, pro- 
trudiftg about 1J" %>m the surface, into the pitnk, at 
about* f" from'the base, and 1£" in from the4>pposite 
edges of the plaxik. These pegs should be about f" in 
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diameter, and should be constructed of mahogany^ having 
a channel or groove near the end farthest from,the plank. 
These serve as supports for the rods which are used as 
“wings” or syntonizers. A pair of similar-pegs, £"°in 
diameter and protfuding £" from the level, are now inserted 
in the plank, the height of the centres of these l{" 

from the base, and the distance frond’ the edges of .the 
plank being 3", so that there is a space of 6" dear be¬ 
tween the centres of these two latter pegs. Into the middle 
of these two last-inentioned pegs are drilled (holes of 
sufficient size to admit of small “ telephone ” tettamals 
being screwed, one in each. In the peg to the right, |hS 
hole should be continued until it reaches to .the oj^er side 
of the plank. The terminals are now screwed-in these 
pegs, taking care to insert a piaqe^ of No. 24 silK-oovered 
wire into the right-hand hole (from the back of the plank^ 
reaching to the front of'the.oeg, where it makes one'tufa 
round the shank of the terminal, which is then screwed up 
tightly so as to make good electrical contact with the 
wire. The student will understand that theand of this 
wire, thst has been pushed through tfye hole, must have pre¬ 
viously been byed of its covering, to ensure this. Abcfot 
10" of the No. 24 silk-covered wire should bshallowed W 
project from the back of the plank for future connecfiftea. 

Under the shank of the terminal on the left-fiknd peg- 
is clenched a loop of No. 24 silk-covered wire, also bared) 
when it passes under the terminal, and projecting^for 3" or 
4" to the left of the peg. <r * ( 

The floherer can now be placed in its' ^osition^, For* 
this purpose the holes in theterminals* must be screwed 
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round? by means of a pin temporarily inserted in them, 
until they are in a line with eaoh other. “The milled 
jheadf of the terminals are then unscrewed, and the two 
wires [which project, one on either side of the coherer, in¬ 
serted in the terminal holes, when the? milled heads are 
tlghtia&J up, so that the cojierer’s wires Be parallel to the 
base with' the brass tube thereof standing vertically in the 
centre, the bent wire pointing downwards.-, We now pro¬ 
ceed to place the bell with its decoherer in position. If 
the belle be lifted wit^ hanging lugs'ht the back, these 
shofekb bedunsfirewed and removed. The bell should be 
Paid op fiid plank, with the gong in the centre, and the 
electro»magqfct to the right, the tip of the decoherer (the 
piece of wire ,pr<y Acting from the ball of the bell) just 
resting lightly on the ebonite cap of the coherer, or, better 
still, clearing it by about fa". The position the bell now 
^(Soupies should be “lightly {narked on the plank. The 
bell is now temporarily removed, and two holes drilled 
from the h'ack of the plank, to the front, of a size sufficient 
to tWmitbf&wo flat-headed wood screws, about 1" in length, 
passing through* "thp plank, and entering tjhe wood 
frame of t£e bell. These holes should .be, pountersunk at 
tjhe^ back of the plank, so that the screws when finally 
adjusted may lie flush with it. The bell is then held in 
th#*podftion previously marked, and the Screws driven 
pome, so as to retain it in place. The relay can now be 
placed on the plank to tfie left of the gong of the bell, at 
abouk an inch from thy left-hand edge of the plaok, and 
m a,l|pe*with the centre of the belL As the relay must 
be capable of^djustment, it^is not to be screwed down to 
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the plank, but‘simply supported in the position above 
described, bjr three cheese-headed screws placed at equal 
distances round the periphery of the vulcanized fibrq disc, 
two being placed below and one above. The screws tfre 
so set, that the disc rests on their shanks, while the heads 
project inwardly so as to clench slightly the edge# of th*e 
disc. The screws are then tightened tcf such a poinf, that 
tjie disc is hel^ firmly against the plank, but yetj, not so 
tightly as to prevent it being turned clockwise or counter 
clockwise without difficulty. To facilitate Hihis njption it 
is well to put a little brass hahdle (a piece* of gtoufe^ass 
wire) in the edge of the disc at the extreme “lfift^hancf 
The relay, when in its normal position, shouldjstand.on the 
plank so that the swinging ^armature bangs with its free* 
end downwards, and with the yoke of the electrtf-maghet 
paralleled to it. When*in actionHhe swinging armatures 
at the platinum contact*end^ should clear the'lower polq, 
of the electro-magnet by about X V'. <, 

Four terminals should now be inserted in ‘the upper 
edge of the plank, two on the right-hand side gnd two'' on 
the left^he distance between.each tertnlnal of these pairs 
being about 1 between these two pairs of terrginals, alao 
on the upper edge of the plank, a neat leather st^p, f" wide, 
about 7" long, and bowed up so as to form a handle, slmuld 
be fastened v$ith a screw at each end. We can Hftw pTo- 
ceed to connect up. The wire from the left-hand coherer" 
terminal is connected to the “right-hand lower relay 
terminal. Another wire is passed under the shank of the 
terminal to the extreme left of the edge of the planjc, and 0 
brought down and connected to th4 J left-hadH lower relay 
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terminal. Another wire is taken from* the right-hand 
upper terminal of the relay, round to below the frame ol 
[the >*> 30 , on to the lower terminal of the bell itself. • 

* Anofher wire connects the upper terminal of the bell 
to the'|extreme right-hand terminal op the edge of the 
■plank. ? # From the gedond terminal to tjie right, on the 
edge of the plank* proceeds a wire leading to the upper 
left-hapd terminal of the relay. All these wires should 
be coiled into rather loose helices, to allow for a little 
play necessitated by the movement oi the relay. No. ^24 
sillw»ver!|d wire is convenient for this purpose; it being 
‘ugdejstSdQ that all portions that enter into, or pass under- 
the shanks w of the terminals, must be bared of their 
covering nnd^cleaeed to* ensure of their making good 
contact* The last contact to be made is that between 
jfche right-hand coherer*terminal*and the inner left-hand 
terminal oS the edge of the plank. To effect this we turn 
our' receiver roun.fl so that the back of the plank faces us, 
and having straightened out the wire which we had passed 
thfouglf the back of the plank, we draw it transversely till 
it reaches the onfyYree terminal left, which, while the plank 
iff in thig.position, is the second terming from the right- 
,hand corngr. Having slightly loosened this terminal, and 
bapd the wire at this point, we loop it under the shank 
oH;&e%rminal,*whicft is then driven hon*, and cut off 
any. excess of wire. This last wire should not be coiled 
into a helix, but Ite flat bn the back of the plank. Lastly, 
we place a couple of dry cells of aify good make, |tanding 
abonjt 6" high and in diameter, on the ledge on the 
back of thef>lank, on£ opposite each pair of terminals, and 
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fasten them there in position by means of leather straps 
passing around them, which straps are secured °to the 
back of the plank by means of a screw at each extremity. * 
, This arrangement will be found very neat and portable. 
To put the receive^ in readiness for action, it will only be 
necessary to connect the wires from each cell to <She tei*-. 
minals close to it. The complete receiver is illustrated at 
Fig. 35. 



Fig. 35. Completed Receiver. 


§ 35. To use the apparatuy described an the preceding 
sections^' ihe coil with its tapping-key, or' the Wimshur^t, 
is connected to' the transmitter, and arranged to give 
clear snapping discharges, the negative ball of the trans¬ 
mitter being ^earthed, and the positive'•’ball, bei?g:<*jh- 
nected to any metal rod pointing sky ward,' this latter ro^, 
being otherwise insulated. The* receiver is non pl’acea 


perfectly level, at any spot facing the transmitter balls. 
By memw of *the little brass handle, the .entire relay is 
slightly rotated on its axis, until the swinging armature 
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just clears the poles of its electro-magnet. The batteries 
are, then coupled up to their respective terminals,- §md 
notice is .taken that the end of the decoherer wire is 
perpendicularly over the centre of the ebonite cover of 
fcjie coherer, not touchipg it, but clearing it by about ***", 
so that if the hammer-shank of the bell* be sprung and 
allowed to fly back, the decoherer will strike the coherer. 

This ^adjustment is essential, as, if the decoherer is too ' 
’ far from the cgherer, this latter will not decohere, and the 
bell wilPgo on ringing* instead of giving a clear stroke, fbr 
gaclT^iggafr; on the other hand, if the decoherer be too 
close *o the coherer, the play of the bell-hammer will be 
JinterfeSed with, and the bejl will give a thud, instead of a 
clear ring. * TlJe next step is Jo put the receiver in tune 
with the transmitter. ^Beginning, at a distance of about 
"%0 feet "between the two instruments, a spark should be 
produced between the transmitter balls (&" spark should 
be sufficient at tills distance). If the bell does not ring, 
two, pieces of copper or brass-rod should be placed on 
the receive! - , restyig, on the wooden pegs, with their inner 
. extremities beaming aagainst the under portion of the 
v coherer terminals. One of these rods? Aay be earthed. 
These rods%,re called syntonizers, or wings, and, for short 
di^jtoces, a coupje of ^tair-rods will do vejy well. The 
belt will now ring sharply, when a spark is passed between 
^Tflae transmitter balls, facjng the receiver. Should it not 
do so, the spark-gaps on the transmitter should be increased 
„or diminished until the desired result is obtained. It must 
be noted th§t for evpry change in the capacity of the 
receiver, effected J?y lengthening or shortening the wings, 
a corresponding change will bfe necessary in the character 
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of the spark t which sets up the wave, at the transmitter; 
anc^it by no means follows, that because a long spark will 
not set the receiving apparatus into action, that a*vejy' 
much shorter spark may not do so. 

The distance between the transmitter and receiver may 
now be increased ad libitum, but it piust be borne in 
mind, that in proportion as the distance increases, so also 
L must the spatk-gaps of the transmitter bo increased. 
Likewise the lengthy of one of the “ wings ” gn the receiver 
aifd on the transmitter, respectively, must incresfee with 
the distance, at the rate of about 10 feet pftr^iiei il^ 
being understood that the other “ wings ” are taken do 
earth. In order to avoid running down tho>batte*les, or, 
risking to polarize the relaj' it is advisable^never to leave 
the batteries connected, jyhen not signal ling. 

. § 36. It will sometimes be found, when th^ coherer is* 
very sensitive, or when rather heavy battery power is* 
used on the “ relay to bell ” circuit", thaf the dewherence is 
not perfect; and that the bell or the Morse, instead gf givjng 
only one clear stroke for each t wave emoted at fe the trans¬ 
mitter, tell give a rattle of strokes.» Thfc. is due to the 
fact that, every 0 time that the armature (see® Fig. 30)* 
touches the platinum tip of the electro magnet, a minutd 
induction spa^jr, derived from the coils omthe bell^ag^et, 
takes place; and this, being close to the ooherer, is suffi* 
cient to affect it. To prevent this it is usual to'put a 
small condetfser (see Fig. 19), made up of half-a-^ozen 
sheets &f tipfoil about lin. by lin.* sandwiched between 
paraffined paper, and placed in shuot between the pillars 
bearing the contacts; that is to say, the»extreme jleft and 
right hand terminals at the*top of the relay. 
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RECENT IMPROVEMENTS IN WIRELESS TELEGRAPHV 

• >* •* i ' 

§ SI. The ^following chapter is devoted to a description 
of receSt improvements in Wireless telegraphy apparatus 
wifti particulars of a few modern types of 
caheaers, and the application of tuning coils and capacities, 
with fftformute for ascertaining wave lengths, etc. Although 
great strMes*ha# , <! been ma'ie in the perfecting of the 
various* systems of transmission and reception of waves, 
ipractic&lly nothing new has been clevised in the production 
■of these \9hves. It appear^ thsft the limit of perfection 
has been reached in She production of the high tension 
current, by means of alternating current generators and 
dynamos,da system which is a decided improvement upon 
the induction jjpil' qp spark* or wave factor. So, much so 
ft this tilt case, that in nearly all rpo^ern installations 
the genee»ting plant comprises a power-driven dynamo, 
developing an alternating current of about 500 volts 
press iffe, which in turn passes through a*step-up trans- 
forjner, increasing the working pressure to about 20,000 
volts. • \ 

Perhaps it is unfair to the working community to state 
that* nothing "new lias been devised, as it 'has, not been 
without an immense amount of costly experimenting 
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that the present* systems have been made so reliable and 
satisfactory. * The practice of recent years hais been to 
make improvements in portions of systems and perfect 
details which were heretofore liable to occasional failures, 
so that at the prgsqnt time it is possible to calculate and 
determine the amount of power rfeqpired, and |tfe area* 
and height of aerial necessary to despatch a message over 
a given distance. Furthermore it has been founjl how 
Vastly important it is to have perfect tuning, and the use 
of inductances and Rapacities, which afford.the p%wer of 
syntonizing, have come rapidly to t&e front, fo^ wifcsut 
these, wireless telegraphy would not be so reliabfe^asjit ^s 
to-day. In the earlier days the chief aim of the experi¬ 
menters was to devise a delicate coheres, but recent 

# » ■** 

experiences teach us that to have a very delicate doherer 
is no advantage, because'it is so Sisily affected by any 
electrical oscillation, anti therefore our mais stations 
would be recording a large taumhpr of^ useless signals, 
which might be sent inadvertently by amateur enfhusiasts 
during their experiments. - * * * 

Aerials.—It must be understood 'that any wire 
through which passes an alternating current^ | , adiateaf 
energy; now, if ifhe alternations are not too lypid, the 
energy radiated is chiefly local, departing and returning 
according to tb$ impulses of the cuftent. # By incrtfesing 
the alternations, the rate of flow becomes fiercer, and before 
the energy radioed has time to settle, down and return 
home, fresh infpulses catch them up and h&sten them 
onward, afid this continues in proportion to-the strength 
of current imparted to the wire. * * 
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, Ij€^ this wire be supported or hung vertically and well 
insulated from all adjacent objects, and electricity im¬ 
paired to it, a simple type of aerial will thus be formed, 
which, unable to discharge the electricity as it is received? 
will amass a given quantity (the amount being dependent 
upon*tjJie length and diameter of the *vire) until it can 
hnl3 no'more, th’en the charge will burst forth, emitting 
undulations in the molecules of the atmc^phere. , » 

A single wire has naturally little capacity, so that the 
amouitt of charge it k can hold is coiflparatively small,mnd 
ite4ield qf radiation is therefore limited. 

I£foA "this it will be gathered that the surface area of 
an aerial dqpides its capacity. In order therefore to in¬ 
crease th® capacity, it is necessary to add more wires to 
the mhin vertical wire like branches of a tree, which 
should take the form of a “ V ’ or “ Y ” or “ T ” or “ W.” 
It 'has b8hn found* that tl^ cltfster of wires must not be 
placed too close-together, except at the foot or base where 
they join, as the charge in one wire is likely to affect that' 
irf an Sdjacent wire. 

The norma^wavg lengfcR of a single vertical aerial is 
from fivg *to six times its length, and i^ay be formulated 
thus, 

Wave length = 2 (Aerial in feet) x 3. 
be increased by introducing an Inductance coil 
in fircuit; this consists # of a few coils of Itout wire similar 
to thalf of the aerial. It may likewise decreased by 
placing a capacity in^jircuit, this bdng either of the Leyden 
jar design or Franklip plate type. By these paeans perfect 
tuning can%e effected. _ . 
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In fitting up a sending and receiving station it is ^mosj^ 
impossible to obtain the same conditions at each end, there¬ 
fore in order to place both in perfect syntonism with qpch 
Other, both aerials must be fitted with tuning coils and 
capacities. So great is the importance of the introduction 
of the inductance* and capacity placed in circuit wjfh the ' 
aerial, that instances are known where‘the addition or 
de(Ruction of a single sheet of foil on the capacity, or a 
single coil of wire on the inductance, has made or marred 
the dearness of the signal. # * • 

It is never advisable to add ‘more inducftmc^ thae»is 
absolutely necessary, as by so doing the radiating ^)8w§y ig 
somewhat reduced, but the inductance coils should b# few 
in number and of large diameter. As a g§ne*al sule long 
waves surmount obstacles better than short ones, he flee for 
long distances over undulating ground, long aerials should 
be erected. • • * 

An inverted L-shaped aerial has tke pewer of directing 
and receiving waves from the opposite direction to which 
the top horizontal arm points. An aerial fitteil %t ifs 
highest pc4nt with a movable afan can # b£ swung round to 
any desired position, and thus enables messages signals* 
to be transmitted to or received from any, desired 
direction. . 

It has beerP found that to transmit long diHanA 
signals, it is nofc highly essential that the length of 
spark be greater the voltage high,*so long as a sufficient 
quantity gf current be produced to full^ charge the aerials 
frequently.* I * * * 

To such a ‘state of perfection has wireless telegraphy 
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attained that many prominent car owners in America carry 
a wireless set on their dftrs, this furnishing them with a 
,j;eady means of communication from country places to 
business towns. The aerial used is of the telescopiS* 
.design, which can bp packed in a 9ery small compass. 
For, short distances botJi the ignitinn coil and the 
accumulators belonging to the car can be used with 
good results. » « - 

Liquid Aqfial.—It has been found that a jet of water 
pumped to the requisite height affords an excellent aSrial, 
antPin 0 tl*e etfent of a warship’s mast carrying the usual 
aerial, being destroyed by the enemy, a liquid aerial can 
be readily brought into fiction, when communication may 
be re-establfehatf with sistear ships, without having re¬ 
course to erecting ne,w masts,^tc. This system was de¬ 
vised ‘by Fessenden, and in order to obtain the necessary 
inductance in the’ aerial vjrcui’t, the metal pipe is wound 
in a spiral before reaching the jet, so that the coiled pipe 
■\jith the water flowing through it, produces a similar 
effect as%n inductance coil. An aerial of this description 
need not be^yccfusively n*sed for ships at war, but could 
°be usecbfiy our volunteers or infantry»ift manoeuvres, when 
near a p»nd or river. 

Blake Deteqjor.—This consists essentially of the char- 
ac tens tic contact between a crystal of galena and cone- 
shaped piece of iron sulphide. Owing»|o the fine adjust¬ 
ment find pressure required between thes- S^wo metals, each 
on*e is mounted on # the short end«of a leverlwhiie a micro¬ 
meter screw'acts qp the long end, so tE»t 'B very fine 
adjustment can be madg, as in the case of Ifre electrolytic 
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cpherer described in another paragraph. This detec&or is 
connected in series circuit with an inductance and a con¬ 
denser, one end of the inductance coil being earthed, whilst.- 
tfae other is taken to the aerial. A telephone is placed 
across the condense! and indicates by sharp clicks the 
reception of signals. No battery is required in connection 
with it, and it is assumed that it acts as a thermo-coupler, 
ancj, that heat is,, generated by the high frequency alter¬ 
nating currents as they travel from the aerial through the 
detector, this heat in its turn producing a direct current 
strong enough to actuate the telephone. < ” Ms 

Magnetic Detector.—The principle of this i3 an endtossP 
iron band or wire running ovpr two wheels, similar 
to a band-saw, which passesethrough a 1 'bobbin contain-, 
ing two sets of windings. . At each end of the bobbin 
are mounted two horse-shoe magnets with similar "poles 
adjacent, so that similar poles stand over both ends 
of bobbin. The primary winding \thicb*is nearest the 
band is wound with 1 oz. of No. 28 wire, while the, 
secondary bobbin is wound with 4 oz. of No v 32. One end 
of the primary is taken to earth/ whilst- the,, other end is 
connected to the (aerial. The ends of the secondary 
winding are connected to a delicate telephone. - 

In action the band is kept revolving at uniform speed, 
and becomes niagnetized at those portions underlie 
influence of the horse-shoe magnets, but as the band 
becomes magnejped in opposition at the bobbin ends to 
its centre, fthenlme is too*«hort to allow; of full magnetism 
or fall demagn/iism to take place, owiqg to the hysteresis 
in the iron b%ad. If, however, &,t this point a wave is 
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imparted to‘the aerial and passes thitmgh the primary 
coil to earth,! the hysteresis effect is nullified and with it 
a change oc&urs in the magnetic field, which alteration 
“produces by|induction a flow in the secondary wire. Oc 
placing the 4ar to the telephone a distinct “ click ” can be 
heard* at eVe|y imgacl: of the wireless w^ye on the aeriaL 
. Electrolytic Coherer.—A very sensitive form and 
one which is much used amongst amateurs for receiving 
long-distance signals, consists of a small glass cylinder 
mounfcpd vertically. The bottom? of the cylinder is 
clqgsd, and aoconducting ivire is sealed to it, so that one 
end jJtejects outside the cylinder, thus affording an 
external connection to the wire electrode, whilst the other 
end prottfudgs through the bottom internally and makes 
contact with a solution of one part sulphuric acid to 
10 parts water. Dicing into the solution at the top of the 
cylinder is another, piece of fine wire known as Wollaston 
wire, the gauge r pf which should be 0'002" diameter, and 
is best Sealed into another small glass tube, so that its 


a%tivePpgojecting surface is not more than 1/32". This 
electrode should be mounted on a lever, with a fine screw 
adjustment, m order that it may ep^ily be raised or 
lowered into the solution l/5000th of an inch or less by 
half ia turn of the screw. It is most essential that this 
aJdjuijftment be° well ftiade, as the successoof this coherer 
' depends upofi the amount of contact ^he top electrode 
makes»with the surface of the solution. 


A, modification of this coherer/s made dissolving a 
little tin in .meredry and placing the arimlgam in the 
cylinder, oft the lowtr electrode and under \^e acidulated 
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solution, thus forming a layer of amalgam betweei} the 
two. This form of coherer, owing to its electrolytic 
properties, is self-decohering, and therefore does not require 
a “ tapper back ” or any mechanical vibration imparted td' 
it, but in view of the nicety c>f adjustment require'd in 
first installing, it is not easily adaptable for portable sets,' 
nor can it work satisfactorily where there 'is any viSrafion. 
Yet it is an admirable coherer for picking up signals, 
particularly if used in circuit with a battery and a telephone 
woujid to a high resistance of about 10,000 oP/ms. ^ 
Marconi Coherer.—This consists of a glass tube moused 
horizontally. It is about 1§" long by 1/10" “internal 
bore; into each end of the tube are fitted silver ..rods, 
which must fit the tube exactly, so aj, to j?re#enl the 
nickel and silver filings escaping around the rods. 1 The 
internal faces of the silver* rods are purposely filed off at 
an angle, so that when slid into the centre of cthe tube, 
a V gap is formed. The distance u between the nearest 
faces of the rods should be about 1/30" to 1/50?' which 
will vary according to the size of filings used. turning 
the tube round the sensitiveness of the ‘coherer can be 
varied, as more or 1 ess surface is presented “to the filings^ 
These filings consist of 95 parts nickle to 5 parts* of 
silver. V , 

The Italian Ifavy Coherer.—This resembfbs the M^gco&i 
coherer, but instead of being fitted with silver ‘tods 
these are replied by carbon rods, and in place' of 
filings a glojffile of mercury is used. Unlike the filing 
coherer tfig rnfercury and carbon only' 1 cohere during the 
reception of Jj/ aves, so that it is an ^Utomatic^decoherer. 
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This^ type is, also used with a telephone and a slight 
buzzing noise is heard, which of course can 'be of long or 
shcpt duration so as to form a code for signalling purposes. 
With a similar coherer Marconi first heard signals acrosa 
the Atlantic. ■ » 

LoUge-Muirhead, doher^r.—This consists of a small 
steel disc with*a keen smooth edge, revolving over a 
vesstj} containing mercury, on the top of which is a film of 
mineral'oil. Either the disc or the vessel is fitted wit! a 
mean# of aSjusting^the depth the 'edge of the disc*dips 
ini* the^me*cury, and owing to its great sensitiveness a 
sii\gle*Baniel cell is sufficient to actuate it properly. It 
is generally used with a syphon recorder, and not in 
connection ^vitfua relay or telephone. The film of oil 
prevents the disc touching the mercury, but so soon as a 
wave- strikes the aSrial to w^ich the revolving disc is 
connects, the insulating film* is momentarily destroyed 
and the signal ^conied. 

At t&e time of writing it has just come to the 
ffotic9,o| the writer that the -Eiffel Tower is to be fitted 
with wireless apparatus in order to send messages to all 
•vessels prowled with receiving set^o enable them to 
^ecfeon tjieir longitude, and thereby ascertain their exact 
position without having recourse to chronometers. The 
iftrv^e will be mad8 regularly every night, and owing to 
the extremely long range of the EiffelTower as a trans¬ 
mitting station, it is Sxpecte'd that the^jrangement will 
p*ove of great assistance to maripers, as tme signals are 
to be transmitted—at 12,12.2 and 12:4. 
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§ 236. Ia 1894 Al^be L. Michel found that he () could 
transmit a message for about three-quarters of a qjjle 
through ordinary soil, by making use of the arrangement 
shown at Fig. 36. A battery, B (say of accumulators)'has 



one of its poles earthed to the upper stratum' of soil^tfie 
ither pole beina<K)nnected by mean's of a tapping bey, S, 
iO a lower stwam of soi) of good conductivity separated 
rom the uppe»?layer by a stratum of inferior conductivity. 
In like mann eft at the receiving end, tfte two tefmihals of 
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a telephone weire respectively connected to /in upper and 
a lower stratum, as shown in the figure. In these ejperi- 
•mehts, as also in those undertaken by Strecker, by 
Rathenau and Rubens (ne*r Potsdam) 4 continuous (battery^ 
currents only were'employed ; but Messrs. Tarbottan 
Armstrong and A5el Orliifg have shown*that it is possible 
to transmit intelligible messages to a distance of about 
twenfy-erie'miles if intermittent (induction) currents* be 
employed. fl?o this end, at the sending station, there is a 
battery and Jcey connected to a primary coil, one end of 
which is»?arthed to metal rod or plate. At the receiving 
£?afton is arranged a similar earth rod or plate, connected 
to onb p^le *T)f a similar'secondary coil, the other pole of 
*yhich.is connected either directly to a telephone, or to a 
peculiar and highly sensitive rt!Xay and thence by a local 
battery |p a telephone or ever^ a Morse printing instru¬ 
ment. The principal point of difference between the 
earlier “modes of wireless transmission through earth or 


wmter^md the “ Armorl ” 1 system lies in the nature of the 
relay, by means, of whic^i the very weak currents or 
“ waves ’^traffsmittSd are 'picked up at^d utilized to throw 
a local Battery into action. This device is known as the 
■“^ri&orl* electro-capillary relay.’’ Its mode of action is 


fogjepon the filet, noticed by Lippmann, t^at the capillary 
.forces'-existing at the points of contact between dilute 
sulphrjric.acid and mercury oontained f5^a capillary tube 
ar$ modified by the passage of the weakest ©Went, or by the 
impactof the,slight*st electric wave. So grlVtindeed is the 

* . • * \ * 

From the names of theanventors, Armstrong « U Orl ing. 
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a 

sensitiveness of this relay, that it may take the place yf the 
coherer, in the ordinary wireless telegraph. In the Armorl 
relays or “ detector,” as depicted at Fig. 37, we have at BS 



W 


Fig. 37? Armorl’s Electro-Capillary Relaj. ( 

& syphon containing mercury, which tends to flow? from 
the vessel A Wo a recipient, B, standing at a lower level, 
Which contain# dilute sulphuric acid. ° But,- as the 0 ex- 
tremity, H, oil pie syphon is drawn ouf into an hxtremely 
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fine «tube, thp mercury, restrained try the capillary 
attraction of the sides of the tube, does not escape. If, 
.however, the minutest difference of potential exist or be 
set up between the pointy I (in electrical communication 
with the acid) and the point J (whicfi is connected to the 
mejcusy), the mercury moves in the direction of the cur¬ 
rent set up. Hence, if J be made positive, little drops of 
mercury will flow from the syphon, fall .upon the en(| of 
the lever, $T, causing it to strike the screw, C, (hus 
closing the circuit of a local battery' D, capable of woi'king 
the Morae receiver, M; or, indeed, any other signalling 
Ojpparalus. Since the relay acts only when the wave is 
set ftp, no • decohereris required. The vessel, B, is 
simply & kind of'Mariotte’s flp.sk that serves to keep the 
mercury in A at a constant levpl. The reader will readily 
understand that by these means “ tapping ” or other code 
, signals can be readily pickpd up by a telephone placed in 
circuit .jvith sucj* a relay and local battery at the receiving 


end; but it is evident that the very trifling modification 
in-the volume of current, that could be set up by speaking 
into a transmitter at the s'ending station, would not suffice 


®to giVepfudible “ spoken” signals at thb^eceiving telephone; 
§f$?|hat <jn the sense of being able to reproduce spoken 
^lMs(jneithgT the Popoff, the Fessenden, or the Armorl 
(trapt can^ be with propriety termed *radio-telephonic. 
HOW this simple arrangement impressed the lay mind of 


an observer may be gatheredv fnNn t 

dgscriptm^givenjry a writer to the 
October “ A small battery (\tt 


the following 
Chronicle, for 
tod with the 


ordinary apparatus for tr^ianitting the Myse code), and 
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a telephone transmitter, were put up in a small she£. A 
thousand yards away there was another shed with re- 
ceivess for both code and telephone. Messages were sent, 
jnd a conversation (?) was held through the solid earth. 
The only apparatus was the transmitters and the receivers, • 
and a bar of iron driven six feet into the ground, ofttside' 
each shed. The whole cost o? the apparatus would he 
five or six pounds. So far, it has been found to e work 
up to distances of three or four miles. But this is not 
all/ Our discoverers have found that their current oan be 

f 9 

sent through water, as well as land. At a .distance ef a 
thousand yards, yesterday a model torpedo was st&lred.^ 
means of an electric current that passed through both air 
and water. There was something uncaijpy in seeing the 
rudder moved at will by fio visible agency. The dis¬ 
coverers claim that they cat fit shipsVith their apparatus, 
so that they can communicate with each other at‘distances 
of from ten to fifteen miles, with^iothiyg but a small battery 
in each, and a couple of wires dangling over tfie stern 
into about ten feet of water.” (See pp. 14 and g3g * 

§ 23c. Previous to the 'publication of the above, Mr. 
A. F. Collins, of J’hiladephia, announced ?hat 0 he ha<4 
succeeded in sending telephonic messages, without wir.es, 
and without sky rods. An ordinary tripod stand, ajg’tfae 
sending station, c has placed on it a° board* or ta hlijfeajb 
foot square. On this are two induction coils' an orcl.'vdfy 
microphone trawsinitter with its Accessories, and® three 
pieces of coprd sheet or" condensers.” On the ground* is 
placed a battery or accumulator givi&fe siac-d^lts. This 
battery is connected up to the Coils &a transmitter, one 
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pole qf which is earthed to a zinc screen? or grating. At 
the receiving end is a similat tripod, bearing battery and 
telephone (it is not stated that there is a coherer, though 
this is probable). One pole of the telephone is earthed too 
a zinc screen or grating, sifnilar to that employed at the 
sendixl^ extremity.. Signals can be hesyrd for a distance 
of. a*mite betweSn the stations. 



